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NEW PRODUCTS AND SERVICES 


X-Y DIGITAL INCREMENTAL 
RECORDER 


High speed, precision plotting of com- 
puter processed data is made possible with 
a new X-Y recorder according to Cali- 
fornia Computer Products, Inc. of 
Downey, California. The recorder con- 
verts digital information regarding the 
relative variation of two functions into 
corresponding incremental motions of the 
plotting paper and the plotting pen. This 
graphical representation of the relation- 
ship between the two functions is accu- 
rate to within one-hundredth of an inch, 
the size of the basic plotting increment. 

The CCP Model 560-RX-Y digital in- 
cremental plotter is said to accept data 
from all digital computers and can be 
driven by both punched paper tape and 
punched card data processors. These ca- 
pabilities give the plotter excellent on- 
line and off-line potential in such appli- 
cations as monitoring industrial processes, 
evaluation of processed flight test data, 
statistical surveys, and analysis of time 
varying systems by digital differential an- 
alyzers. The incremental design elimi- 
nates problems of drift, stability and gain 
variation. 

Incremental movements of the record- 
ing paper drum provide one axis motion, 
and the incremental movements of the 
ball-point recording pen provide the sec- 
ond axis. X-axis modulation is accom- 
plished by raising and lowering the re- 
cording pen with a solenoid to control 
contact with the paper. Drum and pen 
increments are 1/100 of an inch in either 
positive or negative direction. The high- 
speed instrument can provide up to 200 
incremental steps per second on each axis 
and Z-axis modulation can be maintained 
at up to 10 operations per second. 

Bi-directional rotary step motors drive 


the paper drum and the recording pen 
carriage. A unique damping principle ap- 
plied to the drive mechanism makes it 
possible to utilize full high speed capa- 
bilities of the step motors. Sprocket teeth 
on the paper drum guide the standard 
edge punched recording paper and insure 
accurate registration between the record- 
ing pen and the paper. The recorder fea- 
tures roll paper feed and take-up mecha- 
nisms utilizing paper rolls of 12 inches 
width by 120 feet in length. 

Twelve electrical inputs are provided 
so that either positive or negative polar- 
ity signals can be used to drive the re- 
corder in each of the six operating modes, 
X, —X, Y, —Y, Pen Up, and Pen Down. 
Dependency on absolute input voltage 
levels is eliminated by employing capaci- 
tive coupling of all inputs. Positive or 
negative polarity pulses with amplitudes 
in excess of 10 volts and rise times less 
than 10 microseconds from source im- 
pedances less than 500 ohms can be used 
to drive the recorder. Special puise char- 
acteristics can be accepted by simple 
modification of the versatile input cir- 
cuits. 

Front panel controls are provided to 
turn main power on and off, to turn roll 
paper take-up motors on and off, and to 
raise or lower the recording pen. Addi- 
tional controls switch the paper drum 
and recording pen drives in either posi- 
tive or negative directions at single in- 
crements or at a 120 steps per second 
rate. 

The recorder is completely transistor- 
ized and utilizes a self-contained power 
supply. All circuitry is mounted on a re- 
movable etched circuit board or in a 
plug-in power supply module. 

Price of the new unit is $3300 in single 
quantities. 

The new recorder measures 12 inches 
high, 18 inches wide and 14 inches deep 
and weighs only 40 pounds. Power re- 
quirements are 100 to 130 volts, single 
phase, 60 cycle at 125 watts. 

For additional information about the 
CCP Model 560-R Digital Incremental 
Recorder contact: W. L. Moore, Director 
of Sales, California Computer Products, 
Inc., 8714 Cleta Street, Downey, Cali- 
fornia. 

(Continued on page 32) 
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Flexible, accurate 

sequential shooting is pos- 
sible by combining “Elcord”’ 
Delay Units in 5-foot lengths 
(foreground) with ‘“‘Nitra- 
mon” S (background) in 
long charges which can be 
loaded in even badly 
blocked holes. Immediate 
results: weakened ghost re- 
flections, improved signal- 
to-noise ratio, reduced 


ground roll, better control 
of frequency. 
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Delay Units 


help control frequency 


Du Pont “Elcord” Delay Units offer dis- 
tinct advantages in areas where hole 
depths are critical andjor where rapid 
changes in frequencies occur from shot 
point to shot point. By using “Elcord” 
Delay Units to distribute the charge over 
a long section of each hole, an averaging 
effect occurs in the generated signal. This 
ability to maintain a more uniform record 
frequency from hole to hole is particularly 
valuable where high resolution is desired 
or where isotime values are used as a basic 
part of the interpretation. 


ACCURATE! “Elcord” Delay Units are ac- 
curate to plus or minus 3% and are un- 
affected by borehole conditions such as 
hardness of the material in which the hole 
is drilled, presence or absence of water, 
etc. When you match velocities with 
“Elcord” Delay Units, you know exactly 
what you are doing. 


FLEXIBLE! “Elcord” Delay Units are five 
feet long and can be assembled into 
charges of any desired length. Greater 
spacing between the “Nitramon” S sec- 
tions, in multiples of five feet, can be ob- 
tained by screwing two or more units 
together. 

Delays of 0.50, 0.75, 1 and 2 millisec- 
onds provide matched velocities between 


2,500 and 10,000 ft./sec. The amount of 
explosive per delay can be varied from one 
pound to whatever is wanted merely by 
changing the number of “Nitramon” S 
cans between the “Elcord” Delay Units. 


PRACTICAL! . . . Designed for use with 
Du Pont “Nitramon” S, “Elcord” Delay 
Units can be coupled quickly and easily 
into rigid charges that can be loaded even 
in badly blocked holes. 

They’re unaffected by water. Can be 
“slept” indefinitely. Impervious to heat 
or cold. Highly insensitive to shock and 
friction. Immune to static electricity. 

Firing is by means of a “Nitramon” S 
Primer at the top of the charge. No other 
primers are necessary, because an “El- 
cord” Delay Unit will detonate either 
“Nitramon” S or another unit. 

Your Du Pont distributor or represent- 
ative can give you full details. Or write: 
Du Pont, Explosives Department 6440 
Nemours Building, Wilmington 98, Del. 


Du Pont Seismic Products help you unlock 
nature’s secrets faster, more efficiently 

© “Elcord” Delay Units @ Seismograph 60% ‘‘Hi- 
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“Sure I'm Saving... 
le “I get more footage per drill, per day, because 


Hawthorne ‘Blue Demon’ Bits drill faster, straighter 
hole . . . that’s easier to load. 


“I cut trip time, too. ‘Blue Demons’ are top to 
bottom bits, with no change between formations.” 


“Blue Demon” Replaceable Blade Bits are 
made better . . . to last longer . . . and blades are 
easily replaced on the drill . . . for the most efficient, 
economical footage you can buy. That’s why more 
happy drillers use “Blue Demons” than any other 
kind. 

Run your own impartial comparison test with 
“Blue Demon” Bits . . . and $ee how much you can 
$ave on your cost per profile. 


Available in popular fractional sizes to fit 
all types of shot hole drills. 
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..let’s field check it one more time?” 


Laboratory results and previous tests are so 
amazing that we have sent our engineers out 
one more time . . . just to double check their 
new amplifier. It’s transistorized but not just 
so they can claim a “solid state device.” They 
have been able to make circuit improvements 
not possible with vacuum-tube designs. For 
instance, signal-handling capabilities are such 
that the new amplifier will not overload in 
any area. A radically new AGC circuit using 
non-critical components eliminates completely 
the usual “diode-balance” problems. We don’t 
know of any seismic amplifier that approaches 
this new 24-channel “record-getter.” We would 
like to tell you what it can do for you. We can 
show you our results right now — or in Galves- 


ton in November. 
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The difference between this sort 

of shooting and seismic shooting is that 
here the shooter wears a mask 

and in the other the target is masked, 
The GAI-GMxX group is today busily 
unmasking targets around the 

world. Field crews are operating in 
Canada, the Near East, South America, 
and the USA, using every modern 
device for seismic, gravity, and 
magnetic surveys. The interpretation 
of these field data is then done with 

an attention to detail you will not 

find elsewhere, to give you the clearest 
picture of underlying geologic 
structures. Geophysical exploration 
today is so expensive you can 
afford only the best. 


Dr. L. L. Nettleton 


E. Joe Shimek 
Dr. Nelson C. Steenland 


GEOPHYSICAL ASSOCIATES INTERNATIONAL 
3621 WEST ALABAMA 
HOUSTON 27, TEXAS 
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GEOPHYSICS 


TWO-DIMENSIONAL SEISMIC MODELS WITH CONTINUOUSLY 
VARIABLE VELOCITY DEPTH AND DENSITY FUNCTIONS* 


JOHN H. HEALY anp FRANK PRESSft 


ABSTRACT 


A method for fabricating two-dimensional ultrasonic seismic models with variable velocity and 
density is described. The method is justified theoretically. It is tested by comparing the experimental 
and theoretical dispersion of Rayleigh waves in a model of a two-layered earth crust. 


INTRODUCTION 


Many problems of interest to the seismologist are impossible to solve with 
available mathematical techniques. Where exact solutions are not available, 
seismic models can facilitate the development of approximate solutions that are 
almost as useful as the exact solution, and the seismic model provides the addi- 
tional advantage of a clear illustration of the results with the model seismograms. 
Thus, seismic model studies can play a very important role in the study of wave 
propagation problems. 

The assembly of the electronic part of a seismic model system has become a 
simple task as a result of advances in design and the ready availability of the 
components. However, practical difficulties involved in the fabrication of the 
seismic model itself seriously limit the scope of problems that can be studied. 

One large class of problems that is important both in exploration seismology 
and in earthquake seismology is concerned with media that have a continuously 
variable velocity depth function. This paper describes a method of modeling a 
medium with variable velocity depth and density functions and illustrates the 
technique by a study of a problem in Rayleigh wave dispersion. Two dimensional 
model techniques, as described by Oliver, Press and Ewing (1954), are the basis 
of this method which makes use of the fact that waves propagating in thin sheets 
obey the two-dimensional wave equation. A variable velocity is obtained by the 


* Contribution No. 969, Division of Geological Sciences, California Institute of Technology. 
Manuscript received by the Editor January 25, 1960. 
t Seismological] Laboratory, California Institute of Technology, Pasadena, California. 
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use of a laminated sheet in which the relative proportions of the laminae are 
varied so as to change the average elastic constants (hence the average velocities) 
of the sheet. The density can be modeled by varying the total thickness of the 
sheet. 

This technique of modeling was suggested originally by Jack Oliver and the 
method of fabrication used was suggested by H. O. Walker. 


EQUIPMENT 


The model set up was essentially the same as described in earlier papers 
(Oliver, Press and Ewing, 1954). One-eighth inch by one-quarter inch solid cylin- 
ders of barium titanate were used as sources and barium titanate bimorph trans- 
ducers were used as receivers. The bimorph transducers were clamped between 
rubber sheets to provide sufficient damping to prevent ringing. This simple de- 
vice proved to be very effective in eliminating the ringing problem. 


MODEL CONSTRUCTION 


The models were fabricated from aluminum sheets and an epoxy resin plastic 
that was poured onto the aluminum and allowed to solidify. The aluminum used 
was 24ST in .020 inch sheets, and the plastic used was Shell Epon No. 828 with 
diethylenetrianamene hardener. 

The aluminum sheets were cut in circles 24 inch in diameter and mounted to 
a 26-inch face plate with parafin wax. 

A horizontal milling machine available in our shops was converted to a stub 
lathe so that a contour could be cut in the surface of the aluminum sheet. After 
the desired contour was cut in the aluminum, the face plate was removed from 
the lathe and a layer of plastic was poured over the aluminum and allowed to 
harden. 

A final contour was cut in the surface of the plastic so as to provide control 
of two parameters, the total thickness of the model, and the ratio of plastic to 
aluminum. Figure 1 shows a portion of the model with source and receiver. 

This process, while simple in concept, is a difficult machine shop problem. 
The tolerances desired exceed the capabilities of the standard machine tools 
and extreme care is required to obtain a satisfactory model. A great deal of 
credit is due our experimental machinest, Mr. Carl Holmstrom, for the success- 
ful construction of these models. 


THEORY OF TWO-DIMENSIONAL LAMINATED PLATE MODELS 


If the the three-dimensional equations of motion and boundary conditions 
are solved to yield the period equation for a laminated plate with two sheets, it 
can be shown that for wave lengths, long compared to plate thickness, the phase 
velocity reduces to a constant value, reflecting the average elastic parameters 
of the plate. 

Another approach is to proceed from the assumption of plane strain and derive 
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Fic. 1. Layered plate model with a damped bimorph receiver and cylindrical source. 


the wave equation for a laminated plate. Consider a plane wave propagating in 
a layered plate in the X direction so that the particle motion is perpendicular to 
the surface of the plate. Figure 2 shows the cross section of the plate with the 
differential element which we will consider. With the following definitions, 
u=particle motion in X direction 
T ;= thickness of ith lamination 
density of laminated plate (mass per unit area) 
8=shear velocity in laminated plate 
C,= plate longitudinal velocity in the laminated plate 
a;= compressional velocity of ith lamination 
8,=shear velocity of ith lamination 
E,;= Young’s modulus of ith lamination 
a; = Poisson’s ratio of ith lamination 
p;=density (mass per unit volume) of ith lamination 
C,:=plate longitudinal velocity in a homogeneous plate of the composition 
of the ith lamination 


the equation of motion in the X direction is, 


1+ 
a, By p, 


Fic. 2. Cross section layered plate. 
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This reduces to a wave equation, 


_PiC Ts + p2Cp2'T2 
Pi Ti + p2T2 


Similarly for shear waves one finds, 
pi81°T + p282°T2 
(4) 
pil; + pol 2 


From comparison with the homogeneous plate it is evident that B=p:71+ 272 
replaces the density factor and pipy:*71+p2p2T2 or pi8?T1+p2.02T>2 replaces the 
elastic factor. 

We have verified equation (3) by solving the exact three-dimensional equa- 
tions of motion for an infinite laminated plate subject to the exact boundary 
condition at the free surfaces and the interface. Equation (3) is a limiting form of 
the solution for phase velocity which emerges from the long wave length condi- 
tion \> >T7;. This result has also been experimentally verified as will be seen in 
the next section. 

It is more difficult to establish the use of equations (3) and (4) and to specify 
exact boundary conditions when the thicknesses of the lamina are varied to 
model the velocity and density parameters. One might justify the use of these 
equations by arguing intuitively from the results of Oliver et al. (1954) for 
homogeneous plates. We prefer to justify these equations experimentally by 
study of Rayleigh wave dispersion in a model of a double layered crust overlying 
a mantle. 

Note that the mass per unit area will be the density that must be considered 
when we vary the thickness of the lamina to model the velocity and density 
parameters. By suitable choice of 7; and 72 one can model density and one of the 
elastic constants provided it falls between the corresponding values of the model 
materials chosen. 


EXPERIMENTAL VERFICATION OF THE THEORY 


An experimental verification of the results derived was obtained with a 


series of layered plates constructed, as described above, of a layer of plastic over 


aluminum. The total thickness of the plate was } inch and the ratio of plastic 
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to aluminum was varied in 11 steps from all aluminum to all plastic. Velocities of 
compressional and shear waves in these plates were measured and the results 
are shown in Figure 3. Good agreement was found for the shear waves, but a 
marked variation from the theoretical values was shown by the compressional 
waves. 

The cause of this discrepancy was thought to be a violation of the assumption 
that the wave length of the waves was sufficiently long as compared to the plate 
thickness. A second series of plates was constructed whose total thickness was 
only % inch and good agreement was found with the theoretical values. 
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Fic. 3. Compressional and shear wave velocity in plastic and aluminum laminated plates. 


As further check on the effect of lamina thickness, the exact phase velocity 
curve for a two-layer plate with a plastic to aluminum ratio of .040/.085 was 
computed. The exact period equation was formulated according to Haskell’s 
matrix method (1953) and solved numerically on the Seismological Laboratory’s 
electronic computer, the Bendix G15D. The results are shown in Figure 4. These 
curves verify that for the periods used, 10-15 micro/sec, there is marked depend- 
ence of phase velocity on period in a } inch plate. It is interesting to note that 
‘the dispersion is more severe for the laminated plate than for the homogeneous 
plate. We believe this is a result of coupling between the symmetric and anti- 
symmetric waves in the laminated plate. The dispersion in the ; inch plate is 
negligible for these periods. 

It was concluded that with the materials and frequencies used in our ex- 
periment, total plate thickness should be less than inch. In the particular ex- 
periment described below, all models were less than 35 inch in thickness. 
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Fic. 4. Phase velocity for a two layer plate .040 inch aluminum and .085 inch plastic. 


PHASE VELOCITY IN A TWO-LAYER CRUST 


As a preliminary to use of this method in the study of wave propagation in 
the earth’s crust, an attempt was made to reproduce the Rayleigh wave phase 
velocity in a two-layer crust. Since sical surface waves may be regarded as 
multiply reflected and refracted body waves, a powerful test of a model is a com- 
parison of experimental and theoretical dispersion curves. For this comparison we 
have selected a two-layered crust overlying a mantle, as computed by Haskell. 
The first model constructed modelled only the shear wave velocity, neglecting 
the density and compressional wave velocity. 

As the Rayleigh wave velocity is predominately controlled by the rigidity 
of the medium, one would expect that variations in density and compressional 
velocity would have only secondary effects on the Rayleigh wave velocity. 

The model was a disk 24 inch in diameter with thickness as shown in the top 
cross section of Figure 5. Both phase and group velocity were measured on this 
model and the results are shown in Figure 6. The phase velocity falls below the ex- 
pected values, which was anticipated since we failed to model density. 

In the second attempt, we had improved our technique so that we were able 
to cut a contour in the aluminum sheet and in the plastic, and were able to model 
both the density and the shear velocity. The lower cross section of Figure 5 shows 
the thicknesses used in this model. 

For the second model, the phase velocity was measured in three ways. One 
method was to excite the disk model with a continuous sine wave source so as to 
set up a standing wave on the edge of the disk composed primarily of the Ray- 
leigh wave trains traveling in opposite directions around the disk. This is analo- 
gous to exciting a free mode of the earth. The phase velocity could be determined 
by counting the nodes around the disk. This method was most effective with 
the longer wave lengths (Figure 7). In the second method the Rayleigh wave 
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Fic. 5. Cross-section of two models with tabulated values of constants. 


train traveling in one direction from the source was damped so that the wave 
train traveling in the other direction propagated without interference, and the 


phase velocity could be determined by following a particular peak or trough 
around the disk (Figure 8). 
The results of these two methods are shown in Figure 9. Good agreement exists 
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Fic. 6. Rayleigh wave phase and group velocity for a two layer crust 
(see upper Figure 5 for constants). 
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Fic. 7. Seismogram showing standing Rayleigh wave. 
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Fic. 8. Traveling Rayleigh wave from continuous source. 
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Fic. 9. Theoretical and experimental phase velocity (constants given in lower part of Figure 5). 
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between the theoretical and experimental results. Since the theoretical curve was 
for a half space it was necessary to apply a correction for the curvature of the disk 
model. An approximate correction was made for each theoretical phase velocity 
point by multiplying the phase velocity by a factor which would be correct for a 
homogeneous model. The correction for cylindrical curvature was originally 
given by Sezawa and later corrected by Oliver (Ewing, Jardetzky and Press, p. 
265). 

While these two methods give fairly good agreement with the theoretical 
phase velocity, it is desirable to improve these results further to distinguish the 
finer features of the phase velocity curve. Two additional methods were tried; 
the method of Brune and a Fourier analysis method. The precision of the Fourier 
analysis method indicates that a high accuracy can be achieved by this modeling 
technique, and the comparison of the four methods of phase velocity determina- 
tion is a good illustration of an important problem that can be studied with this 
type of model. Brune’s method, based on the stationary phase technique, makes 
use of the arrival times of peaks and troughs of the dispersed wave train to 
determine phase velocity (Brune, Nafe and Oliver, in press). 

The Fourier analysis made use of the following relationship between the 
phase of a Fourier component at two distances: 

(X, = X,)w 
C= —— = Phase Velocity 
— oa + 2nx 


X», Xq—are distances to points a and b. 
¢», 62—apparent phase angles of frequency component w measured with re- 
spect to origin time. 
angular frequency. 


— ba + 


= phase delay time between points a and 6. 


The seismograms in Figure 10 were digitized and subjected to a Fourier 
analysis on our electronic digital computer. This analysis yielded amplitude and 
phase of the Fourier spectral components. The latter was used to derive the 
experimental phase velocity dispersion curve (Figure 11). Excellent precision is 
obtained by this method as evidenced by the agreement between the experi- 
mental data and theoretical curves. The small bend in the theoretical curve at 
17 micro/sec is indicated by the experimental phase velocities. The systematic 
discrepancy that does exist is less than one half of one percent and is well within 
the error expected from the inaccuracies in the machining process. 


CONCLUSION 


This study shows the feasibility of constructing two-dimensional models in 
which a body velocity and density can be made to vary continually with depth. 
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Fic. 10. Seismograms showing Rayleigh wave dispersions at three distances. 


A successful test was made by comparing theoretical and experimental dispersion 
curves of Rayleigh waves in a double layered crust. 

In future papers we will report on further applications of this modeling 
technique: (1) the effect of the low velocity upper mantle layer on body wave 
amplitudes (the shadow zone problem); (2) methods of deducing the properties 
of the source by operating on dispersed surface waves. 
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VARIATION OF ELECTRICAL CONDUCTIVITY WITH DEPTH BY 
THE MAGNETO-TELLURIC METHOD* 


E. R. NIBLETT7 C. SAYN-WITTGENSTEIN?# 


ABSTRACT 


Apparatus has been installed at the Dominion Observatory Research Station at Meanook, 
Alberta, for the continuous recording of earth potentials. The theory due to Cagniard (1953) and 
others, in which relative amplitudes of horizontal components of electric and magnetic fields are used 
to interpret the sub-surface structure, is applied in a modified form, to data from the Meanook 
records. Values of electrical conductivity between depths of 10 km and 100 km are estimated, and 
found to vary roughly between 10~* and 10-" e.m.u. 


INTRODUCTION 


The Magneto-Telluric method of determining the electrical conductivity of 
the sub-surface strata is based on the fact that natural electromagnetic varia- 
tions will penetrate into the earth to a depth which depends on their frequency 
and on the conductivity of the rock. By applying Maxwell’s equations within 
the framework of certain rather broad assumptions it is possible to estimate con- 
ductivity as a function of depth from measurements of earth potential and mag- 
netic field made at the surface. 

The equations governing electromagnetic variations inside a solid con- 
ducting medium are: 


curl H = (1) 
0H 

curl E = — —; (2) 
ot 

J (3) 


Here H is the magnetic field vector, E the electric vector, 7 the current density, 
and o the electrical conductivity. All quantities are expressed in e.m.u. and the 
magnetic permeability is taken to be unity. 

The induction problem inside the earth has been investigated by Kato and 
Kikuchi (1950), Rikitake (1951), Cagniard (1953), Tikhonov and Lipskaya (1952) 
and others. Most authors have assumed that horizontal gradients of the field 
vectors are negligible compared to the vertical gradients, and that time varia- 
tions are periodic; i.e. 


0/dx = 0/dy=0 and d/dt = — (4) 


* Presented at the 29th Annual Meeting, Los Angeles, November 12, 1959. Manuscript received 
by the Editor March 10, 1960. 

+ Division of Geomagnetism, Dominion Observatory, Department of Mines & Technical Sur- 
veys, Ottawa, Canada. 
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where the variables are expressed in terms of cartesian co-ordinates (x, y, 3) and 
T is the period. The positive directions of the co-ordinate axes are true north, 
true east, and vertically downward respectively. Physically, these assumptions 
require the electrical conductivity to be a function of depth only, and the sources 
of field variation to be such that the horizontal extent of the phenomena at the 
surface is much greater than their penetration depth. It is clear that the horizon- 
tal gradients will be negligible only if 


K(G2+ and HH, «(HZ + (5) 


If (4) and (5) are valid, and if we take ¢ to represent the average or effective 
conductivity to a penetration depth Z, equations (1), (2), and (3) lead to the 
approximations 


‘H, H, 
= 4nck,, — = (6) 
Z 
yA T 


in which the operator 0/€z has been replaced by 1/Z and £,, Fy, Hz, Hy refer 
to field variations of period T. From (6) and (7) 


1 
(8) 
E|? 
2|—| T 
H 
—|—IT, (9) 


where | £/H| stands for the amplitude ratio | E,/H,| or | E,/Hz!. 

If amplitude ratios can be measured for a series of natural periods it is possi- 
ble to determine the variation of effective conductivity with depth from equa- 
tions (8) and (9). Equation (8) is identical to the relation for ¢ derived more 
rigorously by other authors. The penetration depth defined by (9) implies an 
attenuation factor of 4 instead of the usual 1/e. 

If we consider electrical conductivity to be a continuous and finite function 
of depth between the surface and the greatest penetration depth encountered we 
can write 


a = f(z), (10) 


and 


is 1 
¢= f f(z)dz = — g(Z) (11) 
0 
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represents the effective conductivity to the depth Z. Then 


dg(Z) da 
(12) 
dZ dZ 


The value of conductivity at various depths can be estimated from (12) pro- 
vided o can be established as a known function of Z. 


MEASUREMENT OF ELECTRIC AND MAGNETIC FIELDS 


At the Meanook station earth potentials are measured in north-south and 
east-west directions. The electrodes are lead sheets 8 ft 4 ft} inch laid hori- 
zontally at a depth of 8 ft in soil which is a mixture of sand and clay. The separa- 
tion of the east-west electrodes is 1.60 km, while that of the north-south pair is 
1.47 km. The north and east components of the horizontal geomagnetic field are 
measured by means of a fluxgate magnetometer. £, and H, are recorded to- 
gether on a dual channel Brown self-balancing potentiometer, while £, and H, 
are recorded together on a similar instrument. The sensitivity can be varied from 
20 mv to 2,000 mv full scale for earth potentials and from 50 gammas to 2,000 
gammas full scale for the magnetics. The earth potential records are calibrated 
by means of a potentiometer; the magnetic records by comparison with standard 
photographic traces from La Cour variometers. 

The resistance through the ground between a pair of electrodes varies with 
the moisture content of the soil but has never been found to be much in excess of 
100 ohms. The input impedances of the earth potential recording circuits are 
greater than 20,000 ohms. Thus, very little current is drawn by the recording 
apparatus and changes in soii resistivity and contact resistances at the probes 
should not affect the recorded potential differences. When data were being 
collected for this analysis the chart speeds of the Brown recorders were either 6 
inch per hour or 20 inch. per hour. An effort was made to keep the sensitivities 
adjusted so that the magnetic and earth potential traces remained on scale and 
were subject to variations of roughly the same size. 


THE VARIATION OF CONDUCTIVITY WITH DEPTH AT MEANOOK 


Continuous recordings of F,, Ey, Hz, and H, were made throughout 1958 and 
from these estimates of the amplitude ratios | E,/H,| and | E, ‘H,|) were 
obtained for periods ranging from about 40 sec to 1,000 sec. No attempt at 
harmonic analysis was made, but instances were selected on the charts when both 
F and H traces exhibited a fairly good sinusoidal wave form. The ratio of ampli- 
tudes was measured in each case and converted to e.m.u. Values of E,/H, were 
grouped together according to their periods and averaged. The first group con- 
tained values with periods less than one minute, the next values with periods be- 


’ The vertical bars about /H will be omitted henceforth. It is to be understood that the ratios 
refer to modulus only. The effects of phase differences are not considered in this paper. 
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Fic. 1. Amplitude ratio £,/H vs period T. 


tween one and two minutes, and so on. The data in E,/H, were handled in the 
same manner. The results are shown in Figures 1 and 2 where average ratios are 
plotted against average periods. The scatter in the individual values of the ratios 
within a group is usually quite large. The standard errors of the means are shown; 
for the most part they lie between 5 percent and 10 percent. The average number 
of observations within a group is 42, though the number is larger than this for 
periods less than 400 sec and smaller for longer periods. 

Equation (8) indicates that if ¢=o=constant the amplitude ratio can be ex- 
pressed 
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Fic. 2. Amplitude ratio E,/Hz vs period T. 


where B is a constant. In this case a plot of E/H vs 1/+/T should yield a straight 
line through the origin with slope B=1/+/2ce. Plots of this type are shown in 
Figure 3. It is clear a straight line through the origin will not provide a reasonable 
fit to either set of data, and that the conductivity must be subject to appreciable 
variation throughout the range of depths which are appropriate. 

Figure 3 does suggest that the E,/H, data might be adequately fitted by 
two straight lines, and the E,/H, data by a single straight line. The equations 
are of the form: 

E; B, 
— = A, + —= inthe range 0.051 to 0.150 of T—'/? 
H, VT 
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By 
Ay + — in the range 0.033 to 0.051 of T~!/? 
Vr 


B; 
= A, + —— inthe range 0.040 to 0.158 of T-"/2. 
JT 


The constants were determined by least squares and are: 


1.109 & 10° B, = 4.11 X 10° 
— 0.073 10° Bz, = 27.2 X 10° 


0.815 & 10° B; = 3.50 X 10°. 


\//T 


Fic. 3. Amplitude ratios vs T-}. 
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The three computed straight lines are shown in Figure 3. Application of the 

“chi-square” test to the residuals indicates in each case that the linear repre- 

sentation is adequate for the data. The smooth curves of Figures 1 and 2 are 

obtained by plotting the computed values of E/H against T instead of A. 
Since we now express amplitude ratios in the form 


E ; B 
JT 
equations (8) and (9) become 
¢ = + 2ABYT + (13) 
and 
1 
Z = —(AT+H+ BVT). (14) 
These give, on elimination of T 
167? — (8% AZ + + 1 = 0. (15) 


Equations (13), (14), and (15) hold only in the specified ranges of TT, 

The efiective conductivity is plotted against penetration depth for both 
cases in Figure 4. Values derived from the observations are shown for comparison 
with the curves computed from equations (13) and (14). The discontinuity in 
the curve computed from the E,/H, data at Z=80 km. corresponds to the in- 
tersection of the two straight lines in Figure 3. 

From (12) and (15) we derive 

Be 
¢ = (16) 
B? + 4rAZ(1 — 44 AZo) 
The final curves showing conductivity as a function of depth are given in Figure 5. 


DISCUSSION 

It is important to consider the validity of the initial assumption that hori- 
zontal gradients of the field vectors are negligible compared to the vertical ones. 
Horizontal gradients can arise in two ways. Appreciable variation of electrical 
conductivity or magnetic susceptibility over horizontal planes at the depths 
considered would lead to field gradients of internal origin. Furthermore, over- 
head current systems in the ionosphere may be neither sufficiently remote nor of 
suitable configuration to produce transient variations at the surface which are 
uniform over horizontal distances up to 100 km. At Meanook the latter effect is 
likely to be important because the station is close enough (5 degrees in geo- 
magnetic latitude) to the auroral zone for the magnetic activity to be subject 
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Fic. 4. Effective electrical conductivity ¢ vs depth Z. 


to fairly rapid variation along the magnetic meridian. Since auroral zone currents 
are believed to occur at heights of the order of 150 km the transient field varia- 
tions at the surface could vary considerably over a distance of 100 km particu- 
larly in the magnetic north-south direction. 
From (5) it is evident that periodic field variations will have negligible hori- 
zontal gradients if 
H, | 


7 — (17) 

Via, H, 
Since the only vertical force records available at Meanook are standard run 
magnetograms with sensitivities and chart speeds which are much less than those 
of the Brown recorders, a direct comparison between the amplitudes of vertical 
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and horizontal force variations is not possible. However, hourly ranges of H,, 
H,, and H, at the times when individual estimates of £,/H, and E,/H, were 
made were scaled off the standard run magnetograms. It was found that the 
ratio of hourly range activity in vertical force to hourly range activity in hori- 
zontal force varied from 0.1 to 2.5, the average value being 0.56. This gives a 
crude indication that for the longer periods the amplitude ratio of (17), while 
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Fic. 5. Electrical conductivity o vs depth Z. 


subject to considerable variation, has an average value of the order of 3. If this 
is the case, the horizontal gradients may be generally smaller than the vertical 
ones, but not small enough to be considered negligible. 

Figures 1, 2, and 3 reveal that values of £,/H, are, in general, quite different 
from E,/H, at corresponding values of the period 7. The discrepancies are too 
large to be explained by errors in the measurement of amplitudes, and it is again 
concluded that the conditions of horizontal uniformity imposed by setting 
0/dx=0/dy=0 do not closely approximate actual conditions in the Meanook 
region. None the less, each set of data gives electrical conductivities which agree 
to within a factor of two between depths of 10 km and 80 km. The conclusion 
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that the curves of Figure 5 show the correct order of magnitude and the general 
trend of the variation in this range seems justified. 

A sudden increase in ¢ from 10~-“ e.m.u. to 10~" e.m.u. at 80 km is indicated 
by the £,/ H, data. The discontinuity was forced into the curve when it was de- 
cided to fit two straight lines to these data as in Figure 3. This is much the simplest 
method of obtaining an analytical expression. A smooth curve of the form 

E, B C 

H, 
could be fitted, but a function of at least 3rd degree in T~' would be required. 
Such a procedure is scarcely worth while. The conductivity must increase by 
roughly an order of magnitude between 60 km and 100 km to be consistent with 
the £, H, data at longer periods. A smooth curve would only replace the dis- 
continuity at 80 km by a fairly rapid rise in this region. Since condition (17) is 
most unlikely to be fulfilled at longer periods, and in the absence of corroborative 
evidence from the /,, H, data, it is far from certain that this rise in conductivity 
is real. The best that can be said is that a rise at about 80 km is not inconsistent 
with the £,/ H, values plotted in Figure 3. However, good estimates of this 
ratio were not obtained at long enough periods to establish a significant trend at 
depths close to 100 km. 

Surface values of o vary from about 10~"' e.m.u. for sea water to 107" e.m.u. 
and less for certain types of dry earth and rock. An estimate of the surface con- 
ductivity can be obtained by extrapolating the conductivity depth curves of 
Figure 5 to Z=0. This is equivalent to putting Z=0 in equation (15) from which 
we derive ¢)=09=1/(2B*). The extrapolated values are o7=3X10~-" e.m.u. for 
the £,/H, data, and e.m.u. for the F,/H, data. 

In the Athabasca region, the Precambrian basement is overlain by Devonian 
and Cretaceous sediments to a depth of about 1.8 km. These rocks are predomi- 
nately shales, sandstones, dolomites and limestones. Their conductivity, even 
allowing for moisture content, is unlikely to exceed 10~" e.m.u. The extrapolated 
surface values appear to be high by at least an order of magnitude. The most 
likely explanation is that the computed conductivities decrease too rapidly with 
depth in the neighborhood of 10-15 kms. The curves would probably be subject 
to modification at these depths if the range of E/ H determinations could be ex- 
tended to periods of 10 sec or less. 

There have not been many previous estimates of electrical conductivity at 
depths between 10 and 100 kms. Coster (1948) measured the conductivity of 
several rock samples at various temperatures up to 1,000°C. His conclusion that 
the conductivity at 100 km below the surface would be about 10-" e.m.u. 
agrees well with the present result. He also notes that the conductivity would be 
expected to decrease over the first few kms below the surface as the rocks be- 
come progressively drier. At greater depths (and higher temperatures) the con- 
ductivity should increase as a consequence of the semi-conduction process in 
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the basic rocks of the mantle. Lahiri and Price (1939) made estimates to a depth 
of about 1,500 km by comparing the induced fields of magnetic daily variation 
and storm time variation to their inducing fields. They concluded that the mean 
conductivity of the earth down to 600 km is about 2X10-" e.m.u., and that 
at some regions near the surface the value must be higher than this. However, 
they account for their high surface value by treating the upper layer as a uni- 
form ocean having a depth of about 1 km. With this interpretation the conduc- 
tivity of the solid earth below would not exceed 10~" e.m.u. to depths of 200 or 
300 km. Rikitake (1950) adopts a similar figure for this range. While a high sur- 
face value is certainly indicated in the present analysis, the oceans are much too 
remote to affect the result. Between 10 and 100 km the estimated values are 
between one and two orders of magnitude higher than the one adopted by 
Lahiri and Price and Rikitake. 
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OPERATIONS RESEARCH—A TOOL IN OIL EXPLORATION* 


HOWARD COBBt 


ABSTRACT 


Operations Research is a tool which may be used by the exploration man to help in planning 
exploration activities and in making decisions. Electronic computers and mechanized data lontiian 
may be used in the analyses which are a part of Operations Research. Various types of exploration 
data which we put on punch cards are readily available for Operations Research studies. Mathe- 
matical models of various activities play a large role. They are often built up from data of past ex- 
perience. Thus, statistics and probability theory are important to the studies. Other techniques 
commonly associated with Operations Research studies are Linear Programming, Game Theory, 
Queueing Theory, Monte Carlo, and Search Theory. Operations Research has been defined as 
quantitative common sense. It is probably the cheapest and one of the more effective of our explora- 
tion tools. We use it when we plan optimum control for a geophysical survey. We use it when we 
analyze the future of a frontier oil province. 


INTRODUCTION 


Today, we can process and present geophysical and geological data at great 
speed, using our high speed computers and plotters. As their use increases in 
the coming years the entire oil exploration process will accelerate. This accelera- 
tion in the exploration process will demand faster decisions. Moreover our current 
economic atmosphere demands more exact decisions in oil exploration. 

The methods of operations research can provide data for more exact decision- 
making. Our computers and punched-card files can provide some of the analyses 
of operations research at great speed. 

The purposes of this paper are to define operations research, describe its 
methods and consider briefly some exploration problems in that field. 

Operations research has been defined as a scientific method of providing 
management with a quantitative basis for decisions regarding the operations 
under its control (Morse and Kimball, 1958, p. 1). The prime characteristics are 
stated in Figure 1. It will not make decisions, but it may assign probabilities of 
certain results in case a particular course of action is chosen. Operations research 
is an applied science which was used effectively in planning military operations 
during World War II. Since the war it has had many uses in industry. It attempts 
to estimate the uncertainties in its predictions of the results of taking various 
courses of action. 

Operations research analyzes operational problems ranging from the sim- 
plest to the most complex, using all known scientific techniques available to the 
problem. Solutions to the simplest problems often have proportionately larger 
payoffs. As a relatively simple problem we may quantitatively determine the 

* Presented at 29th Annual International Meeting, Los Angeles, November 9-12, 1959, and 
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OPERATIONS RESEARCH 


V IMPLIES ORGANIZED ACTIVITY 
IMPLIES RECOGNIZED ACTIVITY 

V ALL SCIENTIFIC TECHNIQUES AS TOOLS 
V ALWAYS QUANTITATIVE 

\/DOES NOT MAKE DECISIONS 


Fic. 1. The characteristics of operations research. 


optimum density of control for a geophysical survey by analyzing its cost relative 
to its effectiveness. An example of a complex problem is that of devising a mathe- 
matical model of the operations of an entire corporation. Using such a model as 
a guide to planning the operations of the corporation might require the use of a 
larger computer. 


OIL FAVORABILITY 

Usually, the essence of a study in operations resvarch is that of determining a 
formula for the effectiveness of the operation in terms of the variables of the 
operation, then using this formula to guide the operation. Figure 2 gives the 
general formula. Suppose we apply the formula to an exploration situation. We 


E=f(X;,) 
E: EFFECTIVENESS OF THE OPERATION 
X;: VARIABLES OF THE OPERATION 


Fic. 2. The general formula for the effectiveness of an operation. 


ask how favorable (£) a recommended area is in the light of certain geological 
and geophysical conditions (X,;) which we know exist there. We are asking what is 
the probability that the area will be productive. Instead of a dozen maps showing 
seismic structure, gravity anomalies, subsurface, facies, etc., we would have 
just one map contoured in terms of oi! favorability. Perhaps we will never devise 
such a map. Nonetheless it is desirable to quantitatively assess each item of 
information, if at all possible. 

Figure 3 gives a rather nebulous formula for the favorability at a particular 


AREA FAVORABILITY=FUNCTION OF: 


GEOLOGICAL FAVORABILITY 
(ENTIRE SECTION) 
GEOPHYSICAL FAVORABILITY 
(ALL METHODS) 
OTHER FAVORABILITY 


Fic. 3. A formula for area favorability. 
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location. It is a function of the favorabilities for all geologic horizons, of all geo- 
physical information and other contributions. Now we need some common 
denominator by which we may express these favorabilities. 

Let us assume that we have made statistical studies of our past experience 
which indicate that a certain stratigraphic condition has a 25 percent chance 
of producing. Our studies may also show that gravity anomalies of a certain type 
have a 25 percent chance of producing. Now we have come closer to expressing 
stratigraphy and gravity anomalies in the same units. We have made a study in 
operations research. 

Our most serious problem in making such studies is that of collection of data. 
We have large files of oil exploration data. But not all of the data for our local 
area is in one file. No one person has knowledge of it. There may be a missing 
link which would have provided the idea leading to the discovery of an oil field. 

As more and more of our exploration information is punched on cards this 
problem will not Le so serious. The data will be readily available for data plotters, 
and for computations and statistical analyses by computers. Consider our geo- 
logic data, Figure 4. Punched on cards, computers could process facies data, for 
example, and plotters could furnish the geologist with a particular map which he 
would not normally have time to construct. It might provide the missing link. 

Figure 5 illustrates a favorable geologic situation. Convergence and trunca- 
tion of an objective horizon give a favorability high. After truncation, that for- 
mation’s favorability is zero. Figure 6 shows the map in this area. From punched 
card data our plotters can plot data for an isopach map on which the zone of 
high favorability is outlined. We may note a regional gravity high paralleling the 
regional zone of convergence. Statistical studies may indicate a certain prob- 
ability that the area will be productive. They may indicate a certain small prob- 
ability that a very large oil field lies in the area. Dad Joiner discovered this one, 
Figure 7, without the benefit of capital, geology, geophysics, electronic computers 
or operations research. He did have an abundant share of one other necessary 
asset which contributed to the total favorability of oil finding in the area. 


A MATHEMATICAL MODEL FOR PREDICTING EXPLORATION SUCCESS 


Mathematical models play a large role in operations research studies. They 
are often built up from data of past experience. Thus, statistics and probability 
theory are important to the studies. 

Figure 8 gives the formula for one such model. As more and more wildcats in 
an area test a formation, discovery success will become less because there will 
be less new fields to find. Finally, in the last stages the success ratio, the slope 
of the curve, will approach zero. The formula is a probabilistic model which gives 
the number of fields, .V, of a particular class, which are discovered by drilling x 
wildcats. V> is the total ultimate number of fields of that class. C will depend 
on the type of exploration used, e.g. seismic, random drilling, etc. 

As our electronic data-mechanization improves, the statistical data could be 
readily available to construct such models. This model may be used in two ways: 
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NORMAL| CONVERGENCE TRUNCATION 


Fic. 5. Cross-section of a favorable geologic situation. 


(1) As exploration progresses in an area, C and No may perhaps be estimated 
for each formation from the historical data. The model may then be used to de- 
termine the success-ratio at any future stage of the exploration process. 

(2) We may use it to appraise a frontier basin by using data from fully-pros- 
pected, geologically similar areas which have objective formations of similar 
characteristics. Our statistical data may indicate the probable numbers of fields 
of various sizes to be expected. From the data we can arrive at a probable value 
for the reserves of the basin. Our statistical data may allow us to define confidence 
intervals within which the true values will almost surely lie. As exploration 
continues in the frontier area we will of course revise our model to fit the facts. 


WOODBINE ISOPACH 


NORMAL if HIGH a ZERO 
FAVORABILITY FAVORABILITY FAVORABILITY 


Fic. 6. Map showing the favorable geologic situation. 
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FIVE BILLION 


Fic. 7. An oil discovery. 


Such a model will suffer from the usual limitations and uncertainties attached 
to statistical models. It is difficult to get precise data concerning geologically 
similar, fully-prospected areas. 

For example, fields have a habit of expanding in estimated reserves over the 
years. Figure 9 shows frequency distributions, by reserves classes, of 104 fields 
which were estimated to have more than five million bbl ultimate reserves in 
1944. The same 104 fields were used to plot the distributions of the reserves 
estimates at 5-year intervals. The distributions shift sharply upward over the 
15 years. Figure 10 shows the change in total estimated ultimate reserves for 
these 104 fields over the 15-year period. 

Despite the inherent weaknesses of such a probabilistic exploration prediction 
model, a judgment based on quantitative data available will likely be better 
than judgment based largely on an intuitive basis. 

Some interesting studies using probabilistic models appear in the literature. 
J. J. Arps and T. G. Roberts (1958) used a model of the type we have just de- 
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Fic. 8. A mathematical model for predicting exploration success. 
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Fic. 9. Frequency distribution of estimated ultimate reserves of 104 
U. S. fields, by reserves classes, at 5-year intervals. 


scribed to study the economics of drilling for Cretaceous oil in the Denver-Jules- 
burg Basin. M. Allais (1956, 1957) in France used a probabilistic model to ap- 
praise the mining prospects of the Algerian Sahara. L. B. Slichter (1955) made 
an analysis of optimum drilling patterns for ore to obtain the highest profit ratio. 
R. M. Ellis and J. H. Blackwell (1959) extended Slichter’s theory. These are 
excellent examples of studies in operations research. 


OPERATIONS RESEARCH MODELS 


Mathematical models of various phases of operations in industry have been 
constructed by various companies. Often, electronic computers may be used to 
advantage in their processing. A mathematical model may be defined as a 
formula which expresses the effectiveness of the system in terms of the variables, 
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Fic. 10. Total estimated ultimate reserves of 104 U. S. fields at 5-year intervals. 
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some of which are subject to control, others which are not (Churchman, Ackoff 
and Arnoff, 1957, p. 13). 

If operations are expensive, a quantitative analysis of the results of taking 
alternative courses of action may be as profitable as, for example, equal effort 
given to building new instruments. A good model will predict how changes in 
the system will change its effectiveness. If an effective model can be programmed 
for the electronic computer it may tell in a few hours some of the results to be 
anticipated by a year’s risky operations. It may show where changes should be 
made. 

Figure 11 illustrates the definition of the model. The first term of the equa- 
tion gives the system’s effectiveness; the other terms are the variables of the 
system. In order to solve this model we would need to express mathematically 


EXPLORATION SUCCESS= 


f (MEN+MONEY 
+ INSTRUMENTS 
+ METHODS 
+TECHNOLOGY 
+ ORGANIZATION 
+ MANAGEMENT) 


Fic. 11. Oil exploration model. 


each element’s contribution to the effectiveness of the system. This model is 
perhaps too all-inclusive. We will be likely to build more elementary models for 
such activities as seismic exploration, gravity exploration, geologic exploration, 
leasing, etc. 


GEOPHYSICAL MODEL—THE EFFECTIVENESS OF A GEOPHYSICAL SURVEY 


For the model of a geophysical survey we need to express the effectiveness of 
the survey in terms of such variables as cost, type of control, and others. How 
may we determine the effectiveness of a geophysical survey? One definition is in 
terms of barrels of oil found per dollar spent. 

Figure 12 gives the formula for the cost of a survey in terms of loop dimen- 
sions, station spacing on lines, the size of the survey and the cost per station. 
In this figure, cost is plotted as a function of the loop dimension for a particular 
case. Note that the cost curve becomes quite steep as the loop dimension de- 
creases. Since cost is an important factor to effectiveness, this equation tells us 
to plan carefully the control needed. Figure 13 shows the cost curve as a function 
of station spacing. Note that this curve becomes quite steep at spacing of one 
fourth mile, which is a common spacing for geophysical surveys. 

Optimum loop dimension depends on the frequency distribution of structures 
as to areal size. Thus the survey effectiveness may be considerably increased by 
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COST OF GEOPHYSICAL SURVEY = 
L+w LW /2 
L,W LENGTH, WIDTH 
3 STATION SPACING 
LOOP. DIMENSION 
Sp w= 30 
=% 
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LOOP DIMENSION (MILES) 


Fic. 12. The cost of a geophysical survey as a function of loop dimension. 


planning the survey to map only those structures which have reasonably large 
areas. 

Let us now turn specifically to the gravity method to illustrate some things 
we would need to analyze to construct the gravity model. Gravity anomalies of 
deep structures are broader than those of shallow. Figure 14 shows the gravity 
effect of a sphere or point mass. Its width at half value equals 1.54 times the 
depth to its center. Masses of all other shapes give broader anomalies than does 
the sphere. If we know the depth of the significant density contrast, as given by 
a densilog, (see Figure 15) we may choose the loop dimension so that at least one 
line crosses the anomaly at, for example, greater than half value. 


COST= 

Lew, Lw,2s 
z 
$)=1/4 MILE 
L= 40 

w=30 


Fic. 13. The cost of a geophysical survey as a function of station spacing. 
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HALF WIDTH = 1.54 DEPTH 


Fic. 14. The gravity effect of a sphere or point mass. 


Another measure of the effectiveness of the survey is what proportion of the 
oil structures the method is sensitive enough to map. Figure 16 shows the dis- 
tribution of the number of oil fields as a function of the magnitude of the residual 
gravity anomaly in a Gulf Coast area. Gravity successfully shows most salt 
structures in this area as residual minima. 

However, the figure shows that a number of oil fields fall on residual maxima, 
and these are not associated with cap rock. We have an ambiguity both for the 


gravity interpreter and for our operational model. In Figure 17 we try to partially 
resolve this ambiguity by showing the distribution of reserves for those fields 
which have estimated reserves greater than five million bbl. These present-day 
statistics indicate that the bulk of the reserves in this area are associated with 
structures which produce residual minima. 

In some areas there is a question as to whether there is any association be- 
tween anomalies and oil fields. This would imply zero effectiveness. Figure 18 
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Fic. 15. Density vs. depth. 


Ve 

ay 1018 

' 

ve 
ah 
: 

J 

we 

6000 
j 
[ 

1200 
age 


OPERATIONS RESEARCH 1019 
OIL FIELDS 
2 20 REsiouaL Lows} 115 
RESIDUAL HIGHS 50 
| | NO ASSOCIATION i4 
15 
mii | 
| 
| 
| | 
2 | 
| | | 
-20 -16 “12 -8 -4 ° +4 +8 +12 +16 +20 
RESIDUAL GRAVITY 
Fic. 16. The distribution of the number of oil fields as a function of the magnitude 
of the residual gravity anomaly in a Gulf Coast area. ae 
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Fic. 17. The distribution of reserves as a function of the magnitude of the residual gravity 
anomaly for those fields which have estimated reserves greater than 5 million bbl. 


FREQUENCY CONDITION 
N,; OIL FIELD PRESENT, ANOMALY ASSOCIATED 
No OIL FIELD ABSENT, ANOMALY PRESENT 
N3 OIL FIELD PRESENT, ANOMALY ABSENT 
N, OIL FIELD ABSENT, ANOMALY ABSENT 
IF NO ASSOCIATION: NoN3 


Fic. 18. A test of association between geophysical anomalies and oil fields. 
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gives a test which may tell whether there is association; and further statistical 
analysis may indicate the degree and certainty of the association. This test would 
likely not be successful, however, in its present form, in an area where we con- 
sider that structures may be associated with both maxima and minima. 

We may continue our study of the effectiveness of the gravity survey by col- 
lecting statistics in prospected areas concerning how close the center of production 
lies to the center of the gravity anomaly. These data could also be analyzed asa 
function of loop dimension. They would determine how large a seismic area it 
would be necessary to work to evaluate the gravity anomaly. 

Such studies as these which we have described would be incorporated in 
constructing our gravity model. The model would be of use for future operations in 
the area for which it was constructed, or in geophysically similar areas. Similar 
models may be constructed for other exploration activities. 


TECHNIQUES OF OPERATIONS RESEARCH 

Analyses of operations research, some examples of which we have briefly 
described, tell something of the effectiveness of our various exploration ac- 
tivities. Models may furnish quantitative data to use as a basis for allocating 
funds to those activities. 

Figure 19 lists techniques commonly associated with the methods of opera- 
tions research. They may or may not be included in the model of the activity. 
A given problem is likely to involve more than one of these. 

Linear programming and other types of mathematical programming are used 
in a wide variety of problems in industry which require optimization. These 
techniques are suited to certain allocation problems. An example will serve 
to illustrate the use. In 1945 George Stigler alarmed by the rising cost of 
living, used the technique to determine the adequate diet of minimum cost. 
The 9 nutrients necessary to healthy subsistence could be obtained from 77 com- 
mon foods. Stigler showed that the total cost of the minimum diet for the year 
1944 was $59.88, up 50°, from the 1939 cost of $39.93. This 1944 diet, deter- 
mined by linear programming, consisted mainly of wheat flour, cabbage and hog 
liver. Mathematical programming techniques may be helpful in telling how to 
combine our resources (men, money, equipment, etc.) with our activities (seismic, 
drilling, gravity, leases, etc,) to maximize overall exploration effectiveness. 

Statistics and probability theory, we have seen, are important to many, per- 


V LINEAR AND MATHEMATICAL PROGRAMMING 

VSTATISTICS AND PROBABILITY THEORY 

V GAME THEORY 

V/ QUEUEING THEORY 

V SEARCH THEORY AND OPTIMUM DISTRIBUTION OF EFFORT 
V MONTE CARLO 


Fic. 19. Techniques of operations research. 
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haps most, phases of operations research. They appear prominently in the 


models. 

Game theory, and the related theory of bidding, are mathematical models in 
which the factors of competition are reduced to their simplest elements. The 
effectiveness of our exploration effort, in terms of profit, will be affected by the 
actions of our competitors. As in a game the outcome is determined by the mul- 
tiple choices of the strategies of the competitors. Consider bidding as an example. 
If we commonly play poker with the same group we could possibly determine 
the pattern of their betting. We may determine a distribution curve for each 
which would give probabilities of their betting lower or higher than our estima- 
tion of what is warranted. We could perhaps establish confidence intervals re- 
garding the strengths of the hands around the table. Bidding theory is used in 
competitive bidding activities in industry. One useful application of this theory 
lies in the field of bidding for oil concessions and government tracts. 

(Queueing theory (Marshall, 1954) is the theory of waiting lines. Early work 
was done by our friends, the British. It has been speculated that the reason for 
this is that there is no more stimulating time to analyze queues than while one is 
standing in one. Oil companies hold properties in need of processing for varying 
periods. Fifteen acres are held under lease in the U. S. for every acre presently 
proved productive (The Oil Producing Industry In Your State, 1959). The cost 
of holding vs that of prompt action may be an important matter for analysis. 
A mathematical model of leasing activities could possibly aid in the analysis. 

A considerable amount of search theory and theory concerned with the 
optimum distribution of effort was formulated during World War II (Morse and 
Kimball, 1958, Koopman, 1956, 1957). The search for oil fields is similar in 
many respects to the search for submarines and this theory may be of help in 
operations research studies in oil exploration. 

The Monte Carlo technique is essentially a random sampling procedure. The 
models of operations research often contain probability distribution functions. 
Our past experience may often be expressed in the form of empirically deter- 
mined probability distributions. Monte Carlo allows a simulation of an operation 
often based on data from our past experience. Electronic computers may be 
programmed to generate random numbers, thus represent those probability dis- 
tributions, incorporating Monte Carlo with the model. 


CONCLUSION 

Someone has defined operations research as quantitative commonsense. Each 

of us uses it every day to varying degrees. We will be more successful in finding 

oil if we analyze every exploration situation, not by hunch, but quantitatively 

insofar as possible. We should use the special mathematical techniques of opera- 

tions research if we find they are applicable. We should quantitatively analyze 
our past experience, because ‘‘What is past, is prologue.”’ 

The mathematical analyses developed by operations research studies will be 
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submitted to the exploration manager. He knows of quite a few intangibles of 

the problem that the mathematician did not know about. He will inject these 

intangibles, then use his exploration experience and imagination to make his 

decision. 
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GRAVITY OPERATIONS IN GUATEMALA* 


L. L. NETTLETON{ anp PAUL ELKINSf{ 


ABSTRACT 

This paper describes the logistics and field methods used for a gravity survey over a large con- 
cession in the northwest corner of Guatemala. Almost the entire network of lines for gravity stations 
was cut through heavy jungle and heliports were cut at line intersections. Logistics of the operation 
were heavily dependent on aircraft, using helicopters for transportation from camps to heliports, 
amphibian aircraft from main base to field camps and chartered DC-3 aircraft from Guatemala City 
to main camp. Field conditions and operations are illustrated by photographs. Statistics of operation 
and station production are included but no gravity data are shown. 


INTRODUCTION 


This paper gives a general review of operational procedures and resulting 
gravity station production from an extensive gravity meter survey in an un- 
inhabited jungle area. Because of the almost complete lack of roads or water- 
ways and the coverage by a dense tropical forest, this was a most difficult survey. 
It is hoped that a discussion of the manner in which the problems were met to 
achieve a generally satisfactory coverage of the assigned area may be of interest 
and also may assist others in the exploration industry who may be called on to 


work in similar areas. 
AREA, PROGRAM AND LOGISTICS 

The area of the survey is in the northwest corner of Guatemala (Figure 1). 
The village of Carmelita, just south of the survey area, has an airstrip which is 
serviced more or less regularly by scheduled flights of Aviateca, the Guatemalan 
Government airline, using DC-3 aircraft. Service is interrupted by very wet 
weather because the airstrip then becomes too soft for use. There is no usable 
road to Carmelita, and all personnel and supplies were brought in by air from 
Guatemala City, a distance of approximately 325 km (200 mi). 

Within the area of the survey, the only lines of communication are two mule 
trails north from Carmelita, one of which extends to the Mexican border. There 
is also a trail (outside the survey area) which has been widened into a tractor 
road, for seismic operations, which extends southwesterly from Carmelita to the 
southeastern part of the concession. The region is almost unpopulated and not 
more than 20 families live in the entire area worked. The only economic resources 
are chicle and some mahogany. The chicle sap is gathered during the rainy season 
(September through December). The native chiclero can gather about 100 lb of 
chicle a week and earns a wage of about 25 quetzales (approximately equivalent 
to dollars). 

* Presented at the 28th Annual Meeting of the Society, San Antonio, Texas, October 14, 1958. 

Manuscript received by the Editor January 7, 1960. 
+ Gravity Meter Exploration Company, Houston, Texas. 


1023 


4 4 
3 
} 
‘| 
: 
eel, 
at 


1024 L. L. NETTLETON AND PAUL ELKINS 


Q 
eCormelite 

+ 6 


Guetemeala 
e 


City 


Fic. 1. Index Map, showing area of operation. 


The present, almost unpopulated and abandoned status of the country ap- 
parently is very different from that of some centuries ago when a relatively 
advanced civilization thrived there as shown by numerous Mayan ruins and some 
rather elaborate temples which are scattered through the jungle. Some of these 
were encountered in the course of the survey. 

The planned program (Figure 2) consisted of a net of north-south and east- 
west lines spaced approximately 5 km apart with gravity stations at about one 
half km interval along the lines. After the program was well advanced, fill-in 
lines at closer spacing (not shown) were observed in areas where the primary grid 
developed features of interest. 

A primary camp was established at Carmelita (Figure 3) because of the village 
and airstrip there. The camp, at the edge of the airstrip, had five buildings, in- 
cluding a dining room-kitchen, office, two dormitories and a warehouse. As men- 
tioned above, the airstrip is not servicable in wet weather which presented a 
problem during the rainy season and made it necessary to keep a large stock of 
food and supplies in the warehouse at all times. 

The logistics of the operation were heavily dependent on air transport, using 
commercial DC-3s for primary transport, a Grumman Goose amphibian for inter- 
camp transport and helicopters for field transport. Routine supplies were carried 
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VISTA 


Fic. 2. Concession area, showing gravity program, principal camps: triangles show 
locations of horizontal control points from Shoran survey. 


[CARMELITA 


Fic. 3. Carmelita, with airstrip, showing location of base camp. 
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from Guatemala City by chartered DC-3, as scheduled flights were not at all 
adequate. On the average, there were about two DC-3 plane charters per week, 
one for food and supplies and one for gasoline for the helicopters and amphibian. 
During the rainy season, a crew of ten laborers was engaged full time filling in 
tracks to keep the strip in use. Direct radio contact (Figure 4) was maintained 
from Carmelita to the office in Guatemala City, and also between Carmelita 
and the field camps. 


Fic. 4. Radio equipment for communication from Carmelita camp 
to Guatemala City office and to base camps. 


Because of the nearly complete lack of roads or trails, almost the entire 
survey was made on lines or brechas cut out through heavy jungle. The only 
exceptions are the line from Carmelita south and west along the previously men- 
tioned tractor trail and a line along Rio San Pedro (Figure 2). The brecha 
cutting was done by native laborers, and their number was many times greater 
than the number required for the gravity operation itself. 

While the work was near the Carmelita camp, the helicopters operated 
directly from the camp to the heliports to the north, northwest and west. Later, 
as the work extended farther west, the amphibian was used for transport from 
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Carmelita to base camps, and the helicopters operated from these base camps to 
the heliports in the jungle. 

The helicopters used in this operation were Bell D and G models, capable of 
carrying two passengers or a cargo load of 325 lb. The range of the D model is 
one hour and thirty minutes (average speed 30 km/hr) and the G model is two 
hours and thirty minutes, the G model having larger gas capacity. 

Average flight was about 25 km but due to the extensive area worked there 
were emergency flights of 100 km. 

The number of helicopters used were two operational and one standby. The 
helicopter crew in camp consisted of one pilot, one mechanic and one mechanic 
trainee (Guatemalan) for each operational helicopter. The helicopter crews 
worked the same schedule as the gravity crews, i.e., 21 days in camp and seven 
days rest leave, and therefore had one relief crew. Total personnel with manager 
was seven Americans and three Guatemalans. During the first four months of 
operation, the helicopters were used chiefly to transport gravity crews from the 
base camp, at Carmelita, to work and return daily. Then fly camps were estab- 
lished, and cargo was added to the chores of the helicopters. A repair shop was 
set up at Carmelita, and major overhauls were conducted there with the excep- 
tion of magna-flux, which was done in Guatemala City. 


FIELD OPERATIONS 


In the beginning of the work, the surveyors and meter operators worked from 
the Carmelita base camp until they were some 30 km out, and then they were put 
in mobile camps. 

The brecha cutting was done by native crews, furnished by local labor con- 
tractors. During 1957, the cutting crews were moved by mule, but in 1958 they 
were moved by helicopter because of many swamps and lakes in the area and the 
long distance to travel. The maximum number of local laborers employed was 
290 during the early period when a considerable staff was engaged in building 
camps. When operations had settled to routine, the average number of men work- 
ing was about 200. 

Beginning from Carmelita, trails or brechas were cut along the planned 
lines of the gravity grid to the north and northwest. Heliports (Figure 5) were 
cut out at the principal intersections of the network, and men and supplies 
were carried to them. Heliports were about 40 m wide at the landing end, 20 m 
wide at the other end, and about 150 m long. The cutting of brush, and often 


large trees, usually required about two days for an eight-man crew. The relatively 
large size of the heliports was required because the forest contains trees up to 
120 ft high. 

After the eastern part of the concession was covered from Carmelita, base 
camps were established, in order, at Chocop on Rio San Juan, at Lake Tas and at 
Laguna Largo (locations are shown by Figure 2). These locations, on the water 
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Fic. 5. Heliport, with helicopter on ground; surrounding jungle trees are up to 120 ft high. 


(Figure 6, Figure 7) were selected to avoid construction of airstrips in the jungle 
and were serviced by the amphibian aircraft (Figure 8), which could operate 
from the Carmelita airstrip to the river or lakes. 

In approximately 60 percent of the area worked, it was necessary to equip the 
cutting and survey crews with canoes or small boats in order to travel the brechas. 
In the numerous swamps, there was never enough water to use outboard motors 
and the boats were poled through the swamps. Most of these swamp areas are 
quite small, only one half to one km across, but the muck and mud was too deep 
to wade and difficult to survey. There were three relatively small areas that were 
open marsh, all in the southern part of the survey and just north of Rio San 
Pedro. In this small area the helicopters were used to survey and to transport 
the gravity meter in the same manner as in a Gulf Coast marsh operation. This 
was a very small fraction of the total as it involved only some 60 stations and took 


two days to complete. 
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Fic. 6. Chocop camp, on Rio San Pedro, 


A first concern in any jungle operation is the safety of the men against local 
hazards, including snakes, animals, insects, etc. In the Peten, there are various 
poisonous snakes, jaguars, and javelinas (wild hogs). Of these, the javelinas 
proved the most dangerous. Field men experienced numerous encounters with 
them, and two men were injured in separate attacks. An American received a 
severe leg injury when attacked by a group of javelinas. A native received a hand 
and leg injury from javelinas. It was not unusual to see a group of as many as 50 
javelinas. The only escape is to climb a tree, as few men can outrun a hog in the 
bush. The snakes and jaguars will stay clear of humans if given a chance to move 
away, and no injuries from them were experienced. 

Except for the problems of transportation, the gravity operation itself was 
carried out in the usual way. Base stations were established at the heliports with 
the ties being made by helicopter. The average closure error of base loops was 
approximately .07 mg. Elevations and horizontal control were carried by transit 
and stadia with vertical and horizontal closures averaging approximately 30 
cm and 35 m respectively. Lines between heliport bases were run on foot (Figure 
9, Figure 10), or by boat, along the cut brecha to the next heliport. The results 
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Fic. 7. Lake Tas camp. 


Fic. 8. Grumman Goose, used for transport from Carmelita airstrip to base camps. 


2 
| 
: 


1031 


jUATEMALA 


‘RATIONS IN 


GRAVITY OPI 


Surveyors on brecha. 


1G. 9. 


Fic. 10. Meter operator on brecha. 
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were worked up and preliminary maps prepared in the Carmelita camp and sent 
to Guatemala City, where prints were made for transmittal to Houston for final 
assembly and interpretation. 

PERSONNEL AND WORK SCHEDULES 

The American personnel of 11 men included: an agent or accountant in 
Guatemala City to obtain supplies and keep the usual and special government 
records; the Party Chief (the junior author) with his assistant and two com- 
puters in the Carmelita camp; four surveyors and two meter operators in the field. 
In the later part of the operation, three meters were used in the field. By that 
time, several natives had been trained to be quite competent as meter operators 
and as surveyors. A staff house was rented in Guatemala City which served as 
an office for the operation and as headquarters for the field men whenever they 
came into town. 

For the American personnel, the work schedule was seven days a week, with 
each staff member (except the Party Chief) working 21 days in the bush with 
eight days out which were either in Carmelita or in Guatemala City. The opera- 
tion was not shut down completely during off-periods as use was made of native 
assistant surveyors and meter operators to rotate the men in and out of the field. 

It took some time to develop the various phases of the operation and to find 
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Fic. 11. Curve showing weekly production of completed stations. 
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and train natives to cut brechas and heliports, establish camps, etc. After the 
organization was shaken down, production was around 150 to 180 stations per 
week (Figure 11). 

The organization of the field operation as finally developed was approximately 
as follows: 

Seven cutting camps, each under a labor contractor; each such unit consisted 
of two cutting crews of five men each, two cooks, one or two camp helpers, one 
or two mule drivers, and seven or eight mules. 

Six surveyor camps, each with one American or native surveyor, five native 
assistants, two helpers, one cook, one camp helper, one mule driver, and eight 
mules. 

Three meter camps, each with one meter operator, one helper, one cook, one 
camp helper, one mule driver, and six or eight mules. 

This required approximately 150 natives in the mobile camps and around 100 
mules. It was not necessary to carry food for the mules as they live off the leaves 
of the Ramon tree. 

In the Carmelita camp there were usually about 20 Americans, including the 
gravity meter and helicopter personnel, and around 30 natives who maintained 
the camp, loaded and unloaded supplies between aircraft and warehouse, worked 
on the airstrip, etc. 


STATISTICS OF THE OPERATION 


The following table gives over-all and monthly statistics of the operation 
which extended from February 1957 to June 1958. 


Total area of concession 2,100 sq mi (1,350,000 acres) 

Total production 9,375 gravity stations 

Average production rate 551 stations/month (for 17 months) 
Best monthly production rate 944 stations (March 1958, dry season) 
Total brecha cut 2,717 km 

Total number of heliports cut 233 


Aerial Operations 


Helicopters Amphibian 
Total hours flown 3,435 (17 months) 520 (5 months) 
Monthly Averages 
Flying time 202 hours 104 hours 
Passengers carried 460 301 
Cargo carried 46,668 Ib. 61,373 |b. 
km flown 17,636 19,985 


OTHER OPERATIONS IN THE AREA 

The entire Peten Province of northern Guatemala had been covered by an 
aeromagnetic survey prior to the gravity meter survey. The horizontal control for 
the aeromagnetic survey was by Shoran (Brundage, 1958). In connection with 
this survey, a number of horizontal control points on the ground were located 
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by Shoran controlled aerial photography. Seven of these points are within the 
area of the gravity survey shown by triangles (Figure 2) and were tied to the 
horizontal control network. The final mapping of the gravity results was ad- 
justed to the Shoran control points. In this way, in spite of the extreme difficulty 
of the survey itself, the final mapping is at least as good and probably somewhat 
better than that obtained in the usual land surveys with occasional triangulation 
stations for control. 
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NOMOGRAMS TO SPEED UP SEISMIC 
REFRACTION COMPUTATIONS* 


TSVI MEIDAV?+ 


ABSTRACT 


Nomographic solutions of a number of equations commonly employed in seismic refraction work 
are presented. The equations solved are: 1. Depth to a second layer, by means of the critical dis- 
tance formula. 2. The critical angle and offset distance formulas. 3. True velocity of bedrock from 
the apparent up- and down-dip velocities. 4. Depth to a second layer by means of the intercept-time 
formula. This last solution is also applied to (a) finding the throw of a fault and (b) depth to an ir- 
regular second layer at each seismometer beyond the critical distance. Geometry of each of the 
nomograms is explained. Procedure for using each of the nomograms is described. 


INTRODUCTION 


A number of nomograms were constructed to solve some equations com- 
monly employed in seismic refraction determinations of depth to a velocity 
discontinuity. The purpose of these nomograms is to shorten the time required 
for the solution of equations which are used repetitively. The convenience of 
being able to avoid the tedium of such calculations is obvious. The accuracy of 
most of the nomograms is usually in the two-significant-figures range, with the 
third figure interpolated. This accuracy is as good or better than the average data 
accuracy available. 

CONSTRUCTION OF THE NOMOGRAMS 

A nomogram is a graphical representation of a mathematical relationship. 
Nomograms are employed to solve mathematical expressions by some simple 
geometric operations, such as drawing a straight line between scales of the in- 
dependent variables, the intersection of which with another scale determines the 
value of the dependent variable. The scales of a nomogram are functional. A 
functional scale is one in which the distances from one graduation to another are 
proportional to the values of the variable function F (x;), but the numerical values 
of the graduations are those of the variable x;. Logarithmic graph paper is a 
typical example of a nomographic plot. 

In constructing a scale to represent the values of a function between given 
limits, it is necessary to multiply each value of the function by some propor- 
tionality factor, so that the scale will stay within a desired length. Such a pro- 
portionality factor is called the scale modulus. The scale equation is the product 
of the variable function F;(x,;) and the scale modulus m,, as given in equation 1. 


S; = mF ;(x;), (1) 
where S; is the scale distance to the value x on the ith scale. 


* Manuscript received by the Editor February 11, 1960. 
¢ Washington University, St. Louis, Missouri. 
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Discussion of nomogram construction is available in many standard texts 
(e.g.: Hoelscher, Arnold and Pierce, 1952; Giet, 1954; Levens, 1959). These texts 
include solutions of standard linear and non-linear equations. A common pro- 
cedure employed by nomogram designers to save time and energy is to convert 
the equation on hand into any of the standard forms handled in textbooks, and 
use the readily available solution of the textbook. The derivation of solutions of 
the seismic refraction equations treated in this paper is given below for the sake 
of completeness, although the understanding of the mechanics of nomogram 
construction is in no way a prerequisite for using them. 


THE CRITICAL DISTANCE NOMOGRAM 


The critical distance nomogram (Figure 1) solves the equation 


X- V1 — Ve 
Z= (2) 
2 Vit Vo 
where 
x,= the critical distance 
Vo, Vi=wave velocities above and below the discontinuity, respectively. 
Z=depth to the second layer. 
Derivation of the critical distance nomogram 
Let 
Sy, = my of 1 Vo) ) 
Sy, = my fo(V1) 
(3) 


Sz = mzfilX.) | 
Sz = mzf(Z) 


The meaning of the nomenclature for the following geometric derivation is 


indicated in Figure 2. 
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Fic. 1. The Critical Distance Nomogram. To find depth to the discontinuity, connect Vi with 
Vo. Pass another line through X, parallel to the line VoV;. The value of the intersection of the second 
line with the Z scale is the depth to the discontinuity. 
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Fic. 2. Geometric setup for the derivation of the Critical Distance Nomogram. 
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Then, 


or, 


V1 + Vo GH 


However, triangles AOG and CDE are similar. Therefore, 


AO f,(Z) 
CO ofa ) 
Alse, 
GH = GO 
hence, 
VitVe falzd) 
Let 
fi(Z) = 2 
Ja(X%e) = 
Then, 


my — mvfi(Vo) 


(4) 
my fo(Vi1) + my fi(Vo) 


mafsZ) = mz 


Equation 4 is a general solution for a class of equations of the type of equation 2. 
Equation 4 may be simplified considerably by letting my,=my,, and mxy,=mz. 
After taking the square root of both sides of equation 4, the nomogram equation 
reduces to 


mZ = V 


(5) 
2 mo\ 1 mot 0 


where m, and 


» are arbitrary scale moduli. Their magnitude is determined 
by the range of variables and the desired physical size of the nomogram. The 
scales are constructed of two independent pairs: the Vo, V; pair, and the x,, Z pair. 
The scales of each pair must be orthogonal to each other and must have an 


angle of 45° with scales of the opposite pair, as shown in Figure 2. 
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Accuracy of the critical distance formula 

The critical distance formula is considered by many practicing geophysicists 
to be the most reliable of the various depth formulas available, whenever a distinct 
change of slope is present on the time-distance curve. The above assertion may 
be verified by an investigation of the effect of errors involved in determining any 
of the independent variables of equation 2. 

Let M represent the radical in equation 2. Assume that for a given value of 
M, an error of magnitude Ax, was committed. Let M be normalized to equal unity 
in some arbitrary units. Then, the total error AZ in determining depth correctly 
is given by 

AZ = 4Ax.. 
Thus, the error in depth determination is one half the error involved in determin- 
ing the critical distance. 

The effect of an error in determining V» or V; correctly may be seen by re- 


writing equation 2 as 
/ Vo 
1 
Vi xX, ‘1—R 
= / = M. (6) 
2 Vo 2 V i+" 2 


Equation 6 indicates that it is the ratio Vo to V; which determines the magnitude 
of the radical, not the individual values of V» and V,. The effect of errors in 
correctly determining the ratio R= Vo/ V; on the accuracy, or error, in evaluat- 
ing the radical in equation 6, can be found as follows: 


Let 
R +AR 
R=correct value of Vo/V, 
where 


AR=the error. 


Then, AR/R is the relative error in R, and SR/M is the relative error in M. 

Figure 3 shows that as the ratio R decreases, the relative error of M de- 
creases for given values of AR. For example, when Vo/V,<1/5, the change in 
the value of M, the radical in equation 2, is less than 25 percent for an error 
AR of 100°. 


Use of the critical distance nomogram 

The critical distance nomogram is of the proportional chart type. The given 
scales may be used in any units of measurement such as feet, yards, meters or 
any arbitrary units. 
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Fic. 3. Relative error in percent for values of AR. Note that as R 
decreases so does the relative error in M. 


For determination of depth, align a triangle to intersect the values of Vo 
and V,. The order of magnitude of Vo and V,; must be consistent. It is permis- 
sible to double or halve the values of both V» and V, if any scale is too short on 
either end, without changing the final result. Set a straight edge at the base of 
the triangle and slide the triangle parallel to the slope of the VoV, line until the 
triangle edge which is parallel to the VV; line intersects the value of the critical 
distance x, of the given case. Opposite the value of x,., along the triangle edge, 
one reads the value of Z, the depth to the second layer. If the value of x, is 
located very close to the origin, and hence cannot be read accurately enough, 
or if it is beyond the last value of the scale, it is permissible to double or halve 
the value for convenience and accuracy, but then the final answer must be 
halved or doubled, respectively (note the order!). Instead of using a triangle and a 
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straight edge, it might be easier at times to use any type of rectangular graph 
paper, rotated to intersect with one edge the values of Vo and V,. Follow the 
graph line which intersects the appropriate x, value to its intersection with the Z 
scale, which will be the corresponding depth value. 

THE CRITICAL ANGLE AND OFFSET DISTANCE NOMOGRAM 
Construction of the nomogram 


An .V type (sometimes referred to as the Z type) was constructed to solve 
the critical angle and offset distance equations. The .V type nomogram solves 
multiplication problems such as 


f(u)g(v) = h(w), 
or division problems of the type 
g(v) = h(w)/f(u). 


Let the scale equations of u and v be given by 


I 


Ss 


Sin = m,,h(w). 


m.,f(u) 


Referring to Figure 4, the diagonal scale g(v) connects the zero values of the 
functions f(u) and h(w). The arrows indicate the direction of ascending values 
of the function. The diagonal scale ranges from zero at its intersection with the 
W scale, to infinity, at its intersection with the U’ scale. 

From the geometry of Figure 4, it is seen that 


AB DE 
(7) 
AC AE—AC 
Let 
AB = S,, = m,h(w) 
ED = S,=m,f(u)_ }. (8) 
AC = 
From equations 7 and 8 we have 
AB OC 
(9) 
DE OE—OC 
or 
m,,h(w) 
(10) 


(u) AE —S, 
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Fic. 4. Skeleton of the Critical Angle and Offset Distance Nomogram. 
The arrows indicate directions of increasing values of the functions. 


Solving for S,, the scale equation of V, we have 


AE g(v) 


mM, 
g(r) + — 


My 


Equation 11 can be simplified by letting m,=m, whenever possible. Then, 


(v 
s, = 
g(v) + 1 


Thus, by selecting values for the moduli m, and m,, which are convenient in 
terms of the length of these scales, it is possible to determine the distance to 
each of the graduations of the V scale. This is done by selecting values of v and 
substituting these in equation 11 or 12. For a simple graphical method of graduat- 
ing the diagonal scale, the reader is referred to Hoelscher et al (p. 78). 
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Uses of the nomogram 

The critical angle and offset distance nomogram (Figure 5) may be used to 
solve two basic equations. First, it yields the value of i,, the critical angle of 
incidence, from the equation 


te = arcsin Vo Vi. (13) 


Using the value of 7. from equation 13, it is possible to determine the offset 
distance X, i.e., the distance by which the depth determination should be moved 
towards the shotpoint, due to the fact that the upcoming ray is not vertical, but 
is inclined at angle i,. The offset distance is given by the equation 

X = Ztani. (14) 


The offset distance correction is generally negligible when V, is much greater 
than Vo, but assumes increasing importance as V, decreases relative to Vo. 

To obtain i,, pass a straight line through V,; and Vo, and read the intersection 
of that line with the 7, scale. To find the offset distance, transfer the value ob- 
tained from the above step to the 7 scale. Connect a line through Z and i. The 
intersection of the line with the X scale is the value of the offset distance, and is 
in the same units used for Z. 

THE TRUE VELOCITY NOMOGRAM 
Construction of the nomogram 

The alignment chart employed to solve the equation of the true wave velocity 
of a slightly dipping layer is of the concurrent type. The concurrent type chart 
is particularly useful in solving all equations of the type 

1 1 1 
+ (14) 
f(u) g(v) h(w) 
or all equations reducible to that form. 
Referring to the geometry of Figure 6, the basic principle of the concurrent 
type nomogram is as follows: 
Area OAC = Area OAB + Area OBC. 
Therefore, 
Sac siny = sin + sin (15) 
Dividing equation 15 by 3abc, we get 
siny sin@ sing 
(16) 


b Cc a 


The lengths a, 6, c, may be given as specific values of the corresponding scale 
equations 
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Ve 
i, SIN" 


X= 2 TANI 


OFFSET DISTANCE 


X, 


DEPTH TO BEDROCK 


Z, 


x 


13 


14 


Fic. 5. The Critical Angle and Offset Distance Nomogram. Connect V» with V;, and read i, 
the critical angle. Transfer i, value to i scale. Pass a line through i and Z and read off Z, the offset 


distance. 
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V 


Fic. 6. Skeleton of the True Velocity Nomogram. 


a=m,f(u) | 

Cc = myg(v) 

b = m,,h(w) 
From equations 16 and 17, we obtain 


sin y sin 6 sin 


m,hA(w) m,,f myg(v) 
However, if the nomogram is so designed that 
siny sing 
My My 
then, equation 18 reduces to equation 14 


1 1 1 
—+——- 
h(w) = g(v) 


A 
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\ 
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The position of the W scale is found by solving the simultaneous equations 
for 6 and ¢. 


| 
sin@ = sing}. (20) 
My My 


The modulus of the W scale is given by 


sin 
My = My, — (21) 
sin 6 
or by 
sin 
Ny = (22) 
sing 


Equations 21 and 22 can be further simplified by choosing y¥ to be 90° or 120°. 
If y=90°, then 


My = + m,?. 


To reduce the labor in constructing a concurrent type nomogram it is often de- 
sired to have all three moduli equal to each other (m,=m,=m,,). Substituting 
this condition in equation 19, we have 

siny = sin@ = sing, (23) 
but we also had 


y=0+¢. (24) 


The only angle y, for which equations 23 and 24 hold simultaneously is 120°. 
Hence, 9=¢= 060°. This special case is employed in the true velocity nomogram, 
Figure 7. 

The true velocity of a dipping bed is given by 


where 
6= dip angle 
V.=updip velocity 
Va=downdip velocity. 


The last expression in equation 25 is an approximation which is sufficiently 
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Fic. 7. The True Velocity Nomogram. Connect V, with Va and read the 
intersection of the line with V;, the true velocity. 
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accurate for small angles of dip. By algebraic manipulation equation 25 can be 
rewritten as 

1 1 1 

2%. 
Equation 26 is of the exact form of equation 14. Note that although the scale 
moduli are all equal in this chart, the functional moduli of V,, and Vg are twice 
as large as the modulus V, (Figure 7). The functional modulus is defined as the 
scale modulus times any numerical constant that may be factored out of the 
function considered. 


Use of the true dip nomogram 

As stated above, equation 26 is sufficiently accurate for small angles of dip 
only. In instances where this condition holds, the inherent errors of the seismic 
method may be greater than the error introduced in the nomogram by the above 
approximation. To obtain the true velocity Vi, which is the value to be used in 
all depth computations, simply connect V, with Va and read the intersection of 
V,, the value of the true velocity. 


THE INTERCEPT-TIME NOMOGRAM 
Construction of the nomogram 
The intercept-time nomogram (Figure 8) was constructed by employing 

both the concurrent type and the V type nomograms in the solution of the 
equation 

Z = f(t)A, (27) 
where 

ViVo 
A= (28) 


Equation 28 can be rewritten as 
1 1 1 
A? Vo? V1? 


which is in the form of the standard concurrent type nomogram. The intercept- 
time nomogram was constructed in the same manner as the true velocity 
nomogram, with the exception that in this instance, the angle between the two 
outer scales was selected to be 90° instead of 120° (Figure 8). The position of 
the Vo scale was determined from equation 20. 

Having solved for A* above, it is possible to determine the depth to a velocity 
discontinuity from the intercept time formula, written in the form 
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k Fic. 8. The Intercept-Time Nomogram. Pass a line through Vo, V; to A. Using the specific value 
of A from the preceding step, pass a second line from A through ¢; to Z, the depth (see inset for exam- 
ple). 


| 
4 
bel 
j 


NOMOGRAMS FOR SEISMIC REFRACTION COMPUTATIONS 1051 


t:\? 
= A?, (29) 


where /; is the intercept-time. 
Equation 29 may be recognized as being adaptable to the V type chart, and 
is solved in the same manner as the critical angle nomogram. 


Uses of the nomogram 

The intercept-time nomogram can be used to solve seismic refraction equa- 
tions which have in common the factor A of equation 28. 

One of the most important of these equations is the intercept-time equation, 
given by 


=— * (30) 


A second equation containing the factor A is that for calculating the throw 
of a normal fault, height of a pinnacle or a buried scarp. This equation has the 
form 


ViVo 
=== * Al- A, (31) 
VVi? — Ve? 
where 
AZ=the vertical displacement of the fault 
Al= the step-up or step-down time, defined by Figure 9. 


A third equation which contains the factor A is the approximation for the 
depth associated with each seismometer beyond the critical distance to a slightly 
dipping or irregular discontinuity. For small angles of dip, the total travel time 
T; may be approximated by 


X; {cost 
T; = — + (41 + Z;) (= : (32) 

| 1 Vo 
where 


X;=distance to the jth seismometer 

Z,= depth to the discontinuity near the shotpoint 

Z;= depth to the discontinuity near the jth seismometer 
i=critical angle of incidence. 


Solving equation 32 for Z;, the unknown depth, and simplifying 


ViVo X; XxX; 
VV;? = Vo? V; Vi 
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B. 


Fic. 9. Time-distance curve for (A) a fault with a finite displacement or 
a buried scarp, and (B) a buried pinnacle. 


Thus, if one depth, Z;, is known, the depth to the discontinuity Z; may be ap- 
proximated by repeatedly solving equation 33 for each value of X;, T;. 

The value of A, the common factor in equations 30-33, may be found from the 
intercept-time nomogram (Figure 8), by passing a straight line from V, 
through Vo, and reading the value of its intersection on the A scale. 

To solve equation 30, pass a line from the value of A, determined from the 


A B 


Vi 


Fic. 10. Ray trajectory when bedrock surface is irregular. 
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above step, through the /; value on the ¢; scale, and read the value at its intersec- 
tion on the Z scale. That value is the depth to the discontinuity. Again, V1 and 
Vo may be taken in any units. For example, if the values of Vi, V» are taken in 
kilofeet/sec and ¢;, the intercept time, in millisec, Z will come out in ft. However, 
; may be read in tens or tenths of millisec and Z will come out in tens or tenths of 


ft accordingly. 

To solve equation 31, follow the same procedure as for the solution of equa- 
tion 30 with one exception: the value of Z obtained from the nomogram must be 
doubled to obtain the correct value of AZ, owing to the difference in equations. 


Reliability of the intercept-lime equation 

The intercept-time equation is considered to be less accurate than the critical 
distance formula for instances where the value of Vo is not known with high pre- 
cision. When V;>>V¢, it is seen that 


Thus, the error in determining depth from equation 28, when V:>Vo, varies 
directly with Vo, as compared with a much smaller error resulting from the use 
of a wrong Vo value in equation 2. Furthermore, it is often more difficult to de- 
termine the correct slope of segments of the time-distance curve, and hence the 
resultant intercept times, than to determine the critical distances. Of course, 
there are undoubtedly cases where the reverse of the last statement is true, in 
which case the intercept-time formula is the more useful one. 
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USES OF THE GAMMA-RAY SPECTROMETER 
IN MINERAL EXPLORATION* 


JOHN L. MEROt 
ABSTRACT 


Gamma-ray spectroscopy offers a rapid and reliable radiometric method of analysis of uranium 
and/or thorium ores. Methods of ore analysis are described and experimental results are presented. 
The uranium-thorium ratios of rocks, which are important in strata recognition and correlation 
studies, can be determined directly by gamma-ray spectroscopy without the necessity of making 
individual uranium or thorium assays. Analysis of potash ores is facilitated with a gamma-ray 
spectrometer. Erratic behavior of gamma-ray well logs can often be resolved by studying the gamma- 
ray spectra of these logs. Neutron-activation, followed by gamma-ray spectral analysis, of common 
earth materials offers a method of borehole rock analysis for elements such as calcium, hydrogen, 
chlorine, sulphur and magnesium. Data in studies employing radioactive tracers can often be en- 
hanced through use of a gamma-ray spectrometer. Other present and potential applications of the 
gamma-ray spectrometer in mineral exploration are also discussed. 


INTRODUCTION 

Gamma-ray spectrometers have been used for many years by the petroleum 
industry. In the neutron logging of a well, a Geiger tube, shielded against the 
low-energy radiation emitted by naturally-occurring radioactive elements, but 
intercepting the high-energy gamma ray of the excited hydrogen atom serves as 
a crude, but effective, gamma-ray spectrometer (Pontecorvo, 1941). 

More sophisticated spectrometers, however, generally employ an electronic 
means of differentiating between the energies of various intercepted gamma 
rays. A common arrangement isa scintillation detector which converts an inter- 
cepted gamma ray to an electric impulse, the voltage of which is proportional to 
the energy of the absorbed gamma ray. This impulse is amplified and passed 
through an electronic gating circuit which allows only pulses of a specific voltage 
to actuate a scaler. Gamma rays emitted by radioactive nuclides are of charac- 
teristic energies and the intensity of the gamma radiation emitted by a specific 
nuclide is proportional to the quantity of that nuclide present in a sample. 

Because of the facility and low-cost-per-unit assay when making large num- 
bers of analyses for gamma-emitting nuclides, gamma-ray spectrometers are 
beginning to find application in the analysis of ores and other earth materials for 
uranium and thorium. Since the early 1950’s a number of experiments have been 
performed using a gamma-ray spectrometer to analyze the gamma radiation 
emitted by earth materials when bombarded by neutrons. The end view of these 
research programs is the application of the gamma-ray spectrometer to isotopic 
analysis of the wall rock constituents in boreholes. 

The method used to obtain the gamma-ray spectrum graphs used to illus- 


* Presented at the 29th Annual Meeting, Los Angeles, November 11, 1959. Manuscript received 


by the Editor February 17, 1960. 
+ Department of Mineral Technology, University of California, Berkeley 4, California. 
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trate this report may be of some interest. Instead of lowering the bias on a pulse 
gating circuit as is the usual method of sweeping the gamma-ray spectrum with a 
pulse height analyzer, the bias on the gating circuit was held constant. While 
holding the pulse gate at a fixed level, the voltage on the photomultiplier in the 
scintillation detector was linearly increased with respect to time. The output 
pulse from the gate was fed to a linearly-moving graphic recorder. Although this 
method results in a logarithmic spacing of the photon energy on the graph, good 
resolution throughout the whole gamma spectrum is obtained. The results of this 
method of gamma-ray spectral analysis on a mixture of radioactive nuclides 
are shown in Figure 1. A plot of the energy of a photon peak vs the voltage at 
which the peak appears in the preset spectrometer window will yield a straight 
line graph on semi-log paper. Such a graph facilitates the determination of the 
energies of photon peaks in any spectral analysis work. 

The individual samples of ore used in gathering data for this paper weighed 
20.0 gm and were packed in aluminum cups 5.0 cm in diameter. During counting 
periods, the ore samples were placed about 2.0 cm from the face of a 13-inch by 
1-inch thallitim-activated sodium iodide scintillation crystal. Two inches of 
lead shielding surrounded the sample and the scintillation detector. A DuMont 
6292 photomultiplier tube was used in the scintillation detector unit. A conven- 
tional pulse height analyzer and graph recorder completed the gamma-ray 
spectrometer used in these experiments. The technique of using a gamma-ray 
scintillation spectrometer is adequately presented by Hurley (1956) and will not 
be described in detail in this paper. 

The methods of analyses of equilibrium radioactive ores as presented in this 
paper, although developed independently, are basically those described by Hur- 
ley (1956) and Adams and co-workers (1958b). The significant contribution re- 
ported herein is, however, an extension of those techniques and may be employed 
to permit distinction of nonequilibrium ores from equilibrium ores. The ability 
to make this distinction while using only gamma-ray counting techniques is 
extremely important in the radiometric assaying of uranium and/or thorium 
ores as radio-assaying methods for these ores seldom measure gamma radiation 
from uranium or thorium themselves but from daughter products which are 
assumed to be in-equilibrium with their parents. If the daughter products are 
not in-equilibrium with their parents, no reliable and accurate assays can be 
made with any of the gamma-ray counting techniques thus far developed and 
described in the literature. A method which allows the determination of the state 
of radioactive equilibrium of an ore, however, provides a degree of reliability in 
assaying by indicating which ores can and which ores cannot be assayed by 
gamma-ray counting techniques. 


NATURAL RADIOACTIVITY 


All elements found in nature with atomic numbers greater than 83 (bismuth) 
are radioactive. A substance, or element, is radioactive when the atoms of which 
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Fic. 1. The gamma-ray spectra of a group of radioactive nuclides illustrating the resolution of 
the equipment used in gathering data for this paper. The nuclides and energy in MeV (million elec- 
tron volts) of the labeled peaks are as follows: 


A. 
. The 0.087 MeV peak of Cd! 
*. An interesting photon peak caused by backscattering of primary Co® gamma rays in the lead 


The 0.059 MeV peak of Am*" 


shielding of the scintillation detector and appearing at about 0.200 MeV 


. The 0.393 MeV peak of Sn" 
. The 0.510 MeV peak of Na” 
. The 0.662 MeV peak of Ba®™ 


The 0.840 MeV peak of Mn* 


. The 1.170 MeV peak of Co® 


The 1.330 MeV peak of Co 


it is composed disintegrate spontaneously regardless of whether or not the emis- 
sion of radiation can be readily detected in the process. A radio-atom in decaying 
may emit one or more gamma rays or it may emit none. But, no matter how 
many gamma rays are emitted, each gamma photon will have a characteristic 
wave length or energy. Table I and Table II list the nuclides of the two major 
natural radioactive decay series. Included in these tables are the gamma rays 


emitted by each nuclide. 
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TABLE I. THe Uranium Decay SERIES 


of Revs Emitted 


Name of Atomic 


Nuclide Number Nuclide Half-Life by Nuclide (MeV)! 
Uranium Group 

Uranium 1 92 U 238 4.5X10° y 0.047 (?) 

Uranium X1 90 Th 234 = 24.1 d. 0.093 

Uranium X2 91 Pa 234 1.18 m. 0.394, 0.782, 0.806, 0.820 

Uranium II 92 U 234 2.6X 108 y. 0.060, 0.093, 0.118 

Ionium 90 Th 230) —-88.0X10t y. 0.068, 0.140, 0.190, 0.228, 0.240 

Radium Group 

Radium 88 Ra 226 1,600 y. 0.188 

Radon 86 Rn 222 3.825 d. 

Radium A? 84 Po 218 3.05 m. — 

Radium B 82 Pb 214 26.8 m. 0.053, 0.242, 0.259, 0.295, 0.351 

Radium C 83 Bi 214 17.9 m. 0.063, 0.191, 0. 426, 0.498, 0.609, 
0.766, 0.933, 120, 238, 1. 379, 
1.520, 1.761,1. 820, 200, 2.420 

Radium C’ 84 Po 214 164X 10° s. — 

Radium D 82 Pb 210 22 y. 0.007, 0.023, 0.032, 0.037, 0.043, 
0.047, 0.065 

Radium E 83 Bi 210 5.0 d. — 

Radium F 84 Po 210 138 d. 0.084, 0.790 

Radium G 82 Pb 206 Stable — 


After Hollander, et al., 1953. 
? Branching decays of less than 0.2 percent are omitted. 


Radioactive Equilibrium 

An atom that disintegrates to form another atom is called the parent and the 
product is called the daughter. A radio-atom is in a state of secular radioactive 
equilibrium with its disintegration product when the same number of atoms of 
the daughter nuclide disintegrate as are formed in a unit of time. Thus, in a 
radioactive decay series in equilibrium, the number of atoms of a nuclide being 


II. Toe THortum Decay SERIES 


Atomic ae of Gamma Rays Emitted ” 


Name of Nuclide eae al Nuclide Half-Life Nuclide | (MeV) 

Thorium 90 Th 232 1. 4x 10 y 0.055, 0.075 

Mesothorium 1 88 Ra 2286.7 y. 0.030 

Mesothorium 2 89 Ac 228 6.13 h. 0.060, 0.135, 0.184, 0.338,0.462,0.533, 

0.590, 0.913, 0.969 

Radiothorium 90 Th 228 By: 0.087 

Thorium X 88 Ra 224 3.64 d. 0.241 

Thoron 86 Rn 220 54.55. — 

Thorium A 8&4 Po 216 0.16 s. — 

Thorium B 82 Pb 212 10.6 h. 0.115, 0.176, 0.238, 0.249, 0.299 

Thorium C 83 Bi 212 60.5 m. 0.040,0.1 ry 0.164, 0.288,0.328,0.432, 
0.452, 0.472, 0.720, 0.830, 1.030, 
1 340; 1610" 1-810, 2.200 

Thorium C’ 84 Po 212 0.3X10°*s. 

Thorium C”’ 81 TI 208 3.1m. 0.277, 0.510, 0.582, 0.859, 2.620 


Thorium D 82 Pb 208 Stable 
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formed is exactly equal to the number of atoms of that nuclide disintegrating. 
The number of distintegrations per unit time, therefore, is the same for each 
member in the decay series. As all members of the decay series do not decay at 
the same rate, a greater amount of the long-life nuclides will have to be present 
to provide the same number of disintegrations per unit time as those coming 
from the short-life nuclides: consequently, the amount of a nuclide present in a 
decay series in equilibrium is directly proportional to its half-life. 

A state of non-equilibrium exists when all or part of one or more of the 
daughters or parents is physically removed from the decay series. If a nuclide 
with a short half-life is removed, equilibrium can be rapidly regained. If a nuclide 
with a long half-life is removed, it may be millions of years before complete 
equilibrium is regained between all the members of the decay chain. After ura- 
nium is deposited, it takes about 3.5X10° years (Hurley, 1956) to establish 
approximate equilibrium between all the members of the decay series mainly 
because of the long half-lives of two of the daughters of the uranium group of 
nuclides, namely U*** and Th**°. A state of secular equilibrium, however, is re- 
gained between the first three members of the uranium group of the uranium 
decay series in less than a year. Assuming that U™* has the same chemical prop- 
erties as U***, secular equilibrium is generally maintained between the first four 
members of the uranium series. At least in nature this should be true. As all of 
the daughters of Ra™”* have short half-lives, secular equilibrium is also main- 
tained in this group of the uranium decay series when radium is present and when 
radon is not continuously escaping. After Th” is deposited, only a few decades 
are required to establish approximate radioactive equilibrium between all of the 
members of the thorium decay series as all of the daughters of Th®* have rela- 
tively short half-lives. 

ANALYSIS OF URANIUM ORES 

In the analysis of uranium ores, which in the western United States are ex- 
posed to a number of physical and chemical processes in nature that can cause 
separation of the various nuclides of the decay series, a gamma-ray spectrometer 
can bea very useful tool. Cases are known in which companies have staked claims 
on and have even mined intensely radioactive material only to discover it con- 
tained no uranium. The radiation was being emitted by decay daughters of the 
uranium ore, but the uranium nuclides themselves were not present. Having 
different chemical properties than other nuclides of its decay series, uranium 
can be leached from an ore deposit leaving the ore radioactive but devoid of 
valuable material. 

In the uranium series the most important forms of non-equilibrium are: 

(a) Radium group deficiency due to migration of radon; 

(b) Daughter-product deficiency due to a lack of time to reach equilibrium 

or due to differential leaching of the daughter-products; and, 

(c) Uranium deficiency due to differential leaching of uranium or deposition 

of daughter products only. 
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Because of this problem of radioactive non-equilibrium among nuclides of 
the uranium decay series, radiometric methods of analysis of uranium ores, 
generally, have not been accepted as a means of reliable ore analysis. After mak- 
ing gamma-ray spectral analyses of hundreds of uranium ores from various 
locations in the western United States, the author has concluded that as far as 
the state of radioactive equilibrium is concerned, a uranium ore can be classified 
as one of four types: 


(a) Equilibrium ores; 

(b) Radium-rich ores; 

(c) Uranium-rich ores; and, 
(d) Transition ores. 


Figures 2, 3, 4 and 5 illustrate the gamma-ray spectra of these types of ores. 

If U** emitted a strong gamma ray, it would be a simple matter to assay any 
material for this nuclide with a gamma-ray spectrometer. Although U™* does 
emit a low-energy gamma ray of 0.045 MeV (million electron volts) this gamma 
ray is of very low intensity and is emitted at an energy that makes it very dif- 
ficult to distinguish from the many other low-energy gamma rays emanating 
from a uranium ore at closely similar energies. A majority of ores examined in 
this research were either in-equilibrium or very nearly so, and this fact suggested 
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Fic. 2. The gamma-ray spectrum of an equilibrium uranium ore. 


Be 
| 
G 
p 


Gamma-Ray Intensity ——» 


0.5 1.0 2.0 3.0 


Gamma-Ray Energy (MeV) 


Fic. 3. The gamma-ray spectrum of the radium group of nuclides of a uranium ore. 
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Fic. 4. The gamma-ray spectrum of the uranium group of nuclides of a uranium (U™*) ore. 
The uranium group of nuclides are Th™, and Th™, 
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Fic. 5. The gamma-ray spectrum of a transition-type uranium ore. 


that if a method could be found to determine the state of radioactive equilibrium 
of an ore, then it could be determined which ores could be reliably assayed by 
gamma counting. If the nuclides in the ore sample were found to be in-equilibrium 
or very nearly in-equilibriufn, then it would be quite simple to make an accurate 
analysis of the ore for uranium. If it was found that the nuclides in the ore 
sample were badly out-of-equilibrium, then the ore should be analyzed for ura- 
nium by a different method. 


The Equilibrium Factor 


By taking a count of the gamma radiation on channels centered at 0.190 
MeV and 0.240 MeV as illustrated in Figure 6, and computing a ratio of these 
count rates, a factor is obtained which can be correlated with the state of radio- 
active equilibrium ofja uranium ore. A high value of this Ci90/ C240 ratio (a value 
greater than 3.0) indicates a uranium-rich ore; a value between 3.0 and 1.3 in- 
dicates a transition-type ore; a value between 1.3 and 1.0 indicates an equilibrium 
ore or an ore very close to being in-equilibrium; and, a value less than 1.0 in- 
dicates a radium-rich type of ore. 

At a channel setting of 0.190 MeV, gamma radiation from Th”® of the ura- 
nium group of nuclides and from Ra”* and Bi*"‘ of the radium group of nuclides is 
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intercepted in about equal amounts from each group in an equilibrium ore. At a 
channel setting of 0.240 MeV, gamma radiation from principally Pb” of the 
radium group of nuclides is intercepted. Although a 0.240 MeV gamma ray is 
listed for Th*® this gamma ray is so weak it is almost undetectible. 
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Fic. 6. The gamma-ray spectrum of the uranium group of nuclides (dashed line) superimposed 
on the spectrum of the radium group of nuclides (solid line). In determining the equilibrium factor 
of an ore, the gamma-ray intensities within channel 190 and within channel 240 are measured. The 
ratio, count rate of channel 190, Ci, over the count rate of channel 240, C240, is the equilibrium factor. 
High values of this factor indicate a uranium-rich ore and low values indicate a radium-rich ore. 


Ore Analysis 


If an ore shows an equilibrium factor between 1.0 and 1.3, the count on the 
0.190 MeV channel will be proportional to the amount of uranium in the ore 
sample. Hurley (1956) also suggests using the 0.190 MeV channel for uranium 
analysis but he did not advocate the use of an equilibrium factor. When an ore 
is completely in-equilibrium the count rate on any channel, or a total gamma 
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count of the ore for that matter, will be directly proportional to the amount of 
uranium in the ore. Table III shows the experimental results of uranium ore 
analysis with the method suggested in this paper. Although this method will not 
allow an accurate assay of ores that are badly out-of-equilibrium, it will allow 
recognition of this type of ore. As about 90 to 95 percent of the ores of western 
North America seem to exhibit equilibrium factors in the range between 1.0 and 
1.3, this method of analysis provides a reliable radiometric method for assaying a 
large majority of uranium ores. The 5 to 10 percent of ores that exhibit equilib- 
rium factors less than 1.0 or greater than 1.3 can be assayed with the usual 


TABLE III. ANALysiIs OF EQuiLipriuM URANIUM ORES 


Channel Countrates 
Equilibrium Radio’ Chem 

Ore No. Ciso Caso Factor Assay Assay Remarks (Source of Ore) 


(Counts/Second) 
| 0.410 0.407 Big Indian Wash, Utah 


| 


A-l 9.76 8.37 1 

A-2 14.39 14.77 1,22 0.603 0.601 Big Indian Wash, Utah 

A-3 19.37 15.69 1.24 0.813 0.834 Moab, Utah 

A-4 3.90 3.52 1 0.164 0.170 Standard Mines, Utah 

A-5 6.17 5.47 fis 0.259 0.251 Blue Lizard Mine, Utah 
A-6 5.22 4.55 1.15 0.219 0.224 Hidden Splendor Mine, Utah 
A-7 2.40 2.10 Tia 0.101 0.100 AEC Standard Ore 

A-8& 51.56 44.07 1:17 2.165 2.15 AEC Standard Ore 

A-9 8.67 7.45 1.16 0.364 0.374 Big Indian Wash, Utah 
A-10 10.68 9.00 1.19 0.448 0.452 Hidden Splendor Mine, Utah 
A-11 6.05 5.09 1.19 0.254 0.25 AEC Standard Ore 

A-12 36.36 29 01 1,37 +527 1.513 Lisbon Uranium, Utah 

A-13 100.65 88.55 1.14 4.23 4.29 AEC Standard Ore 

A-14 25.30 21.60 £.17 1.062 1.103 Moab, Utah 


3 In an equilibrium uranium ore the count rate on any channel, Cx, is proportional to the amount 
of uranium in the ore sample, or percent U;O,= Kx- Cx. In this report a channel centered at 190 MeV 
was used in the uranium analysis, or percent UsOs= Kigo-Cigo. For the particular sample geometry 
and spectrometer settings used in gathering data for Table IIT, the value of Ki) was determined to 
be 0.042/(counts per second per-percent U;Os). 
fluoremetric or chemical means. This gamma-ray spectral method of analysis 
retains all the advantages of radiometric assaying such as large samples (to 
1,000 gm or more), no fine grinding (crushing to 3 inch is sufficient), analyses 
within a few minutes of receipt of the ore sample, and the use of no chemical 
reagents. 

Table IV lists a number of equilibrium ores and a number of various types of 
non-equilibrium ores that illustrate how the value of the equilibrium factor can 
be used to recognize the non-equilibrium ores. Also listed in Table IV are a 
number of uranium-thorium composite ores. The composite-ore factor listed in 
Table IV is used to recognize uranium-thorium ores and will be explained in 
greater detail later in this paper. Although thorium is generally not a constituent 
of uranium ores in the United States, it frequently is found in uranium ores in 
other countries and creates a problem in attempts to correlate scintillation 
count rates with the uranium content in such ores. 
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TaBLE IV. RECOGNITION OF EQUILIBRIUM AND NON-EQUILIBRIUM ORES BY 
THE VALUE OF THE EQUILIBRIUM FACTOR 


Channel Countrates Equi- Com- 


posite Ratio Chem 
Ore No. Cigo Caso Casi Factor Ore Assay Assay Remarks (Type of Ore) 
Cipo/ Factor %U30s 
(Counts/Second) Cogo/Cas1 

B-1 39.56 41.98 70.81 0.96 0.59 -- 0.00 Radium-rich ore 
B-2 35.33 36.73 62.74 0.94 0.59 ~- 0.002  Radium-rich ore 
B-3 3.50 2.84 - 1.23 - 0.15 0.18 Equilibrium ore 
R-4 228.36 250.28 384.03 0.91 0.65 — 0.22 Uranium-deficient 
R-5 11.48 2.41 - 4.76 2.41! ve Uranium-rich 
R-6 47.80 140.60 55.51 0.34 33 — 0.04 Thorium ore 
R-7 62.52 9.87 — 6.34 — 13.5 14.0 Uranium-rich ore 
R-8 8.71 9.50 15.20 0.92 0.63 0.022 Uranium Mill Tails 
R-9 27.98 22.86 1.22 CAT Equilibrium ore 
R-10 9.17 26.65 10.21 0.34 2.61 — 0.03 U-Th Composite ore 
R-11 122.66 180.94 195.03 0.65 0.93 0.01 U-Th Radium Groups 
R-12 6.58 0.86 —- 7.66 — 1.44 1.40 Uranium-rich ore 
R-13 14.53 11.82 — 0.610 0.608 Equilibrium ore 
R-14 203.15 312.32 308.20 0.65 1.01 - 0.00 U-Th Radium Groups 
R-15 


29.90 33.97 51.30 0.88 0.66 - 0.000  Radium-rich ore 


‘ The value of the conversion factor used to convert from counts per second to percent U;0s 
for uranium-rich ores is 0.021 or exactly one half that of the conversion factor for an equilibrium 
uranium ore. 


ANALYSIS OF THORIUM ORES 


Figure 7 illustrates the gamma-ray spectrum of a chemically refined thorium 
oxide less than 20 years in age and Figure 8 illustrates the gamma-ray spectrum 
of a pre-Quaternary thorium ore. The close similarity of these two spectra is 
evidence that, on deposition, Th**? does quickly attain secular radioactive equi- 
librium with its daughters. In nature, then, it would be expected that thorium 
was always in equilibrium with its daughters. With equilibrium thorium ores the 
total count of the gamma radiation will be proportional to the thorium in the 
ore as will be the count rate under any peak in the thorium spectrum. The ex- 
perimental results of equating the count rate obtained with a gamma-ray spec- 
trometer channel set at 0.238 MeV with the ThO, in an ore sample are shown in 
Table V. 

Uranium is generally found with thorium in nature in a ratio of about ten 
parts of thorium to one part of uranium. The ores listed in Table V were selected 
for this experiment because of the relatively small amount of uranium con- 
tamination. 

Checking the state of equilibrium of a thorium ore, uncontaminated with 
uranium, is relatively simple. Table II indicates that Th itself emits gamma 
radiation with an energy of 0.075 MeV. This gamma ray is relatively intense and 
a ratio of the count rates of channels centered at 0.075 MeV and 0.238 MeV 
can be used as a thorium ore equilibrium factor. Values for this factor, Coz/Czs, 
of equilibrium thorium ores generally range between 0.65 to 0.75 except for high- 
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Fic. 7. The gamma-ray spectrum of a chemically refined thorium 
oxide which is less than 20 years old. 


grade ores in which there is appreciably more absorption in the ore itself of the 
lower-energy gamma radiation on the 0.075 MeV channel than on the 0.238 
MeV channel. Sample self-absorption will tend to decrease the value of the 
thorium ore equilibrium factor and this phenomenon is the cause of the low 
values of the equilibrium factors for ores C-2 and C-5 in Table V. 


TABLE V. THortumM OrE ANALYSIS RESULTS 


Thorium 


Channel Countrates Equi- Com- 
. —— librium posite Ore Equil. Radio Chem Chem 
Ore Cow Civ0 Cus Cu Factor Factor Factor Assay’ Assay Assa 
Ciso Cus/ Cor %ThO: 
(Counts / Second) Cus Cu Cus 
C-1 15.38 6.09 17.90 7.73 0.34 2.32 0.74 0.65 0.69 Tr 
C-2 54.45 42.05 127.35 45.00 0.33 2.83 0.44 4.88 5.00 0.20 
C-3 10.60 4.50 13.65 4.80 0.33 2.85 0.74 0.52 0.40 0.01 
C4 25.40 23.5 34.40 13.72 0.36 2.51 0.64 1.28 1.44 0.05 
C-5 82.00 48.40 147.00 51.40 0.33 2.86 0.49 5.64 5.36 0.02 
C4 17.44 8.07 24.95 8.12 0.32 3.07 0.65 0.97 1.00 0.04 
C-7 4.23 1.65 4.93 1.78 0.34 2.77 0.80 0.19 0.20 0.01 
C-8 9.43 4.00 12.65 4.15 0.32 3.05 0.69 0.50 0.50 0.02 
C9 


15.20 6.58 21.23 6.70 0.31 0.72 0.85 0.80 0.03 

5 In an equilibrium thorium ore the count rate on any channel, Cx, is proportional to the amount of thorium in the ore 
sample. In determining the radiometric assays for ThO: in Table V the count rate obtained with the channel centered at 
0.238 MeV was used, or, percent ThO:=KasCus. For the particular sample geometry and spectrometer settings used in 
gathering data for Table V, the value of Kzs was determined to be 0.0403 /(counts per second per percent ThOs). 
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Fic. 8. The gamma-ray spectrum of a pre-Quarternary thorium ore. The similarity of this 
spectrum with the spectrum of a recently refined thorium oxide, as shown in Figure 7, is evidence of 
the relatively short time required for all the nuclides of the Th™ decay series to reach a state of 


secular radioactive equilibrium. 
ANALYSIS OF URANIUM-THORIUM COMPOSITE ORES 


Direct Determination of Uranium-Thorium Ratios in Rocks 


For purposes of strata recognition or correlation, the determination of the 
uranium-thorium ratio of rocks is generally more important than a specific 
assay for either uranium or thorium. Assuming that uranium and thorium are in- 
equilibrium with their respective daughter products, Adams and co-workers 
(1958b) and Brannon and co-workers (1956) suggest counting on the 2.62 MeV 
gamma ray emitted by TI?** of the Th®’ decay series for a thorium assay and by 
counting on the 1.76 MeV gamma ray from Bi" of the uranium series for a 
uranium assay. In this way there will be no interference from gamma radiation 
of the 1.4 MeV gamma ray emitted by K*° which also might be present in the 
rock sample. Disadvantages of these methods are the relatively low count rates 
obtained with uranium or thorium containing materials at 1.76 MeV and 2.62 
MeV. 

Hurley (1956) suggests counting with channels centered at 0.168 MeV, 
0.238 MeV, and 1.39 MeV and using a series of simultaneous equations to com- 
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pute the amount of uranium, thorium, and potassium, respectively, in materials 
being assayed. Hurley (1956) also describes a method of determining the ura- 
nium-thorium ratio of rocks directly by computing the ratio of count rates at 0.18 
MeV and 0.238 MeV and using a graph showing a plot of this countrate ratio vs 
the uranium-thorium ratio. 

An alternative method of analysis will also yield a uranium-thorium ratio 
directly. If a count is taken with channels centered at 0.238 MeV and 0.351 MeV 


10.9 


2.0 


C3g/C351 Count Rate Ratio 


Fic. 9. The channel 238-channel 351 countrate ratio vs the 
uranium-thorium ratio of a composite ore. 


and a ratio of these counts computed, then, the graph of Figure 9, which was 
obtained from experimental! data, can be used to determine the uranium-thorium 
ratio of the rock sample. Figure 10 illustrates the gamma-ray spectrum of an ore 
containing 1.92 percent U;Os and 1.07 percent ThO, with the 0.238 MeV and 
0.351 MeV channels indicated by vertical lines. The nuclides emitting gamma 
rays at these energies are principally Pb”! of the Th decay series at 0.238 MeV 
and Pb** of the U*** decay series at 0.351 MeV. The backscatter gamma radia- 
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tion from K*°, which will be about equal on both of these channels, can be ignored 
if it constitutes a minor part of the total radiation intercepted. If K*° contributes 
a large share (five percent or more) of the radiation on these channels, an ad- 
justment must be made for this contribution. Hurley (1956) and Adams and 
co-workers (1958b) describe how this adjustment can be made. 


Channel 238 
Channel 351 
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Fic. 10. The gamma-ray spectrum of a uranium-thorium composite ore. This particular ore 
contains 1.92 percent U;Os and 1.07 percent ThO2. The channels used to determine the composite- 
ore factor are indicated by the vertical pairs of lines. 


Analyses for Uranium and Thorium in Composite Ores 


Should an analysis for uranium or thorium in a composite ore be desired, 
the following method can be used. Assuming that the only gamma radiation 
emitted by a sample comes from U** and Th and their daughter products in 
radioactive equilibrium with each other, the total gamma activity, Cxs, at 
0.238 MeV can be expressed as: 


Coss = Cosst + Cossu (1) 
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where Cosgr is the contribution from the thorium series and C2sy is the contri- 
bution from the uranium series. This analysis will also ignore any gamma-ray 
count contribution from the U** decay series which will be less than 1/100 of 
that coming from the U** and the Th™ series and will, in any case, be propor- 
tional to the contribution of the U** series as these two series, the U** and the 
U*, are found in a constant ratio in nature (Rankama, 1954). The effects of 
sample self-absorption can also be neglected in materials of a grade less than two 
percent of either uranium or thorium; consequently, the gamma-ray count from 
each series at 0.238 MeV will be directly proportional to the amount of uranium, 
U, and thorium, Th, present, or 


Cus = K,(Th) + K.(U), (2) 


Coss/(Th) = A.(Th)/(Th) + K,(U)/(Th) = A, + K,(U/Th) (3) 


(Th) = + K,(U/Th)]. (4) 


The numerical value of the conversion factors, K; and K,, will be a function of 
the sample size and geometry and gamma-ray spectrometer window width. 
For purposes of this report, A,=24.8 counts per second per percent ThO: and 
K,,= 20.5 counts per second per percent U;Os. 

To solve equation (4), the (U/Th) ratio must be taken from Figure 9 after 
computing the Cy3s/C3s; ratio. The percent of uranium is computed by simply 
multiplying the U/Th ratio by the percent Th as obtained in equation (4). This 
method, of course, will only yield the equivalent percent of uranium and thorium, 
that is the actual percent of Th* and U™® if the decay series are in radioactive 
equilibrium. The state of equilibrium of each series can be checked by determin- 
ing the count at 0.075 MeV for the Th series and at 0.190 MeV for the U5 
series and by computing equilibrium ratios as suggested earlier in this paper. 

Table VI lists the experimental results of thorium and uranium ore analysis 
by means of this method. Also included in this table are results obtained in an 
attempt to analyze materials which contain all the radium group of daughters of a 
uranium ore and all the daughters of a thorium ore except Th™ itself. The gamma 
spectrum of this type of material, illustrated by ore samples D-6 and D-8 in 
Table VI, is shown in Figure 11. Such materials are commonly found in hot 
springs deposits where precipitating barium or strontium sulphates will scavenge 
radium isotopes from solution without affecting either the uranium or the 
thorium in solution. Although equation (4) and Figure 9 would yield a sub- 
stantial equivalent uranium and thorium assay for ore samples D-6 and D-8, the 
calculation of the uranium and thorium equilibrium factors will indicate there 
probably is no U** or Th in the sample. The equilibrium factors for these 
types of ores are in ifalics in Table VI. 
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Fic. 11. The gamma-ray spectrum of a sample of material from a deposit of the radium nuclides 
and their daughters of both the uranium and the thorium decay series. The mother nuclides, U™* 
and Th, are absent from this material. 


OTHER POTENTIAL APPLICATIONS FOR A GAMMA-RAY SPECTROMETER 
Analysis of Potash Ores 


Potash ores can be assayed by setting a gamma-ray spectrometer to count the 
1.4 MeV gamma ray of the naturally occurring nuclide, K*’. In nature K* is 
proportionat to the total potassium content of the ore. In the field, where the use 
of heavy shielding for the scintillation detector may be impractical, background 
countrates may be high. In using a lightly shielded scintillation detector for 
gamma-ray counting, it is not uncommon for 90 percent of the total count to be 
background counts with only 10 percent of the count produced by the element in 
question. Using a gamma-ray spectrometer for potash analysis, the background 
count can be largely eliminated and a more reliable and accurate assay of the 
potash ore can be obtained in a much shorter count time. 

In well logging in potash deposits, if there is a non-uniform contamination of 
the potash with uranium or thorium decay daughters, this factor in the radio- 
assaying of the potash containing formation can be recognized by gamma-ray 
spectroscopy and adjustments can be made. Work by Brannon and Osoba (1956) 
demonstrated that techniques and equipment available in 1956 could be used to 
determine the relative concentrations of uranium, thorium, and potassium in 
underground strata by means of borehole gamma-ray spectral analysis; equip- 
ment available at the present time will allow absolute assays to be made for 
potassium. 
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Neutron-Activation of Non-Radioactive Elements 

In the analysis of ores for various nuclides which are not naturally radioac- 
tive, a technique of neutron-activation and gamma-ray spectral analysis offers 
an approach which has not yet been fully explored. When an atom is bombarded 
by neutrons, one of several reactions may occur. In most of these reactions, sec- 
ondary radiation is emitted by the target atom. Often the secondary emission 
is in the form of gamma radiation and for a specific nuclear species and reaction, 
this gamma radiation is of a characteristic wave length. 

The thermal neutron cross-sections of many elements of interest in mineral 
exploration such as molybdenum, vanadium, manganese, cobalt, antimony, 
copper, tungsten, gold, silver, cadmium, and mercury, to mention a few, would 
allow activation of these elements (Friedlander, et al., 1955). Figure 12 shows the 
gamma-ray spectra of gold and of copper after neutron-activation. A rather 
sharp photon peak is obtained in each case, and the height of these peaks, which 
is a measure of the countrate or intensity of radiation, is directly proportional 
to the amount of gold or copper present in the sample. 


0.510 MeV Pair-Produced 
Peak of Neutron- 
Activated Copper 


0.411 MeV Photon 
Peak of Neutron- 


Activated Gold 


Gamma-Ray Intensity 


Gamma-Ray Energy (MeV) 


Fic. 12. The gamma-ray spectrum of neutron-activated gold (solid line) superimposed on the 
spectrum of neutron-activated copper (dashed line). The major photon peaks of these two spectra 
could be easily resolved with presently available spectrometers. 
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Borehole Analyses 

Several published papers (Muench, et al., 1957; Baker, 1957; Caldwell, et al., 
1958) describe methods of using neutron-activation and gamma-ray spectral 
analysis to identify such materials as sulphur, chlorine, calcium, hydrogen, 
silicon, oxygen, and magnesium in earth materials surrounding a simulated bore- 
hole. Results of successful tests to correlate countrates produced by neutron- 
activated sulphur and chlorine with the concentration of these elements in the 
earth materials are also described (Muench, et al., 1957). The technique of using 
a scintillation detector in a borehole is covered by DiGiovanni (DiGiovanni, 
et al., 1953). 

Unfortunately, backscattering and Compton-effect reactions will cause con- 
siderable difficulty in developing a technique to use effectively neutron-activation 
and gamma-ray spectroscopy for borehole quantitative analysis of low-energy 
gamma-ray emitters such as copper or gold. Figure 13 shows the spectrum of 
a uranium ore sample at the surface. Degraded gamma rays that appear at lower 
energies than the primary gamma emissions do not noticeably confuse the 
the spectrum in this case. Figure 14 illustrates a gamma-ray spectrum of a 
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Fic. 13. The gamma-ray spectrum of a uranium ore sample at the surface of the earth. The in- 
tensity scales are not common in Figures 13 and 14. 

Fic. 14. The gamma-ray spectrum of a uranium ore with the scintillation detector in a borehole 
within the orebody. 
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uranium ore obtained with the scintillation detector down a borehole. The large 
increase of degraded gamma rays appearing in the low-energy region of the 
spectrum greatly complicates analysis of this spectrum. 


Tracer Studies 

An outstanding potential use of the gamma-ray spectrometer will be in 
studying the permeability of rock and ores under natural conditions, and in 
studying the flow patterns established by fluids in given formations. Tagged 
molecules and particles of varying physical sizes and differing chemical properties 
can be used to study the pore size in a formation as well as the chemical exchange 
properties of the rock. With a gamma-ray spectrometer, multiple tracer experi- 
ments could be run for greater efficiency. Presently, radioactive tracers with 
simple gamma-ray counting are used in locating zones of permeability in oil 
wells (Flagg, et al., 1955). 

In studies of the permeability of orebodies of metallic minerals in preparation 
for in-place leaching of the valuable constituents of these deposits, the use of 
radioactive tracers of varying physical and chemical properties will be invaluable. 
In-place leaching of low-grade orebodies offers a tremendous potential in reducing 
the production cost of certain ores. Instead of removing 100 percent of the rock 
in an orebody, only the valuable constituents would be removed and recovered. 
The materials-handling cost reductions are evident. 


Beach Sand Flow Studies 


One recent application of the gamma-ray spectrometer was in determining 
the direction of sand flow along the beaches of northern California by following 
the movement of uranium-thorium mineral grains which enter the coast sands 
at a specific location and which have a characteristic uranium-thorium ratio by 
which they can be recognized. 


Strata Identification and Correlation Studies 


The naturally occurring radioactive elements are found in sediments in 
concentrations which are dependent on the source material of the sediment, and, 
through the chemical characteristics of these nuclides, on conditions of deposi- 
tion: consequently, individual concentrations may be diagnostic for particular 
formations. These concentrations, if measured in situ, could lead to a powerful 
tool for correlation and for reflecting environmental conditions under which 
sedimentation took place (Brannon, et al., 1957; Murray, et al., 1958). 

According to a hypothesis by Hans Pettersson (1939), the ratio of uranium 
to thorium in a basin sediment should be a function of the distance from a 
continental mass at which sedimentation occurs because uranium and thorium 
ions have differing chemical behaviors, which are, to a degree, dependent on 
the pH of the transporting solutions. Supporting this hypothesis, Adams (1958a) 
describes the use of uranium-thorium ratios of rocks as indicators of sedimentary 
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processes and environments under which certain sedimentary rocks are formed. 

In attempts to use gamma-ray logs as tools for strata correlation, difficulties 
are often encountered because of seemingly erratic variations of the total gamma 
count. Individual uranium, thorium and potassium determinations in the bore- 
hole would have great value in resolving these anomalies of total radioactivity 
that often detract from the utility of the conventional gamma-ray log. 


PRESENT STATUS OF THE USE OF GAMMA-RAY SPECTROMETERS 


Gamma-ray spectrometers are not by any means common pieces of equip- 
ment in the exploration industry, which probably stems from the fact that these 
instruments have been in use for a comparatively short period of time and that 
they are not standardized pieces of equipment. Probably the greatest barrier to 
overcome in expanding the use of the gamma-ray spectrometer will be in educat- 
ing personnel as to how it can be used and in the technique of using it. 

The cost of a gamma-ray spectrometer may be another deterrent to its rapid 
acceptance as a mineral exploration tool. A good single-channel spectrometer 
with scintillation detector, scaler, and graphic recorder can be purchased for 
about $3,500. Such a spectrometer would be adequate for a small laboratory. 

The potential utilization of the gamma-ray spectrometer in mineral explora- 
tion has hardly been touched. As this instrument is developed and as personnel 
are educated in its proper use, we should see it take a place in any well-equipped 
mineral exploration laboratory along with such tools as the x-ray fluorescence 
and x-ray diffraction spectrometers. 

CONCLUSIONS 

Gamma-ray spectrometers can be powerful tools in mineral exploration. At 
present, this equipment is used to make rapid and reliable analyses for potassium, 
uranium, and thorium in ores or rock materials. Uranium-thorium ratios of rocks, 
which are important in strata recognition and correlation studies, can be made 
directly with a gamma-ray spectrometer without individual analyses for either 
uranium or thorium. 

The erratic behavior of total gamma-ray well logs can often be resolved by 
gamma-ray spectral analyses of the radiation from the anomalous zones. While 
downhole assaying for such common rock constitutents as calcium, sulphur, 
chlorine, hydrogen, silicon, oxygen, and magnesium can be done with a gamma- 
ray spectrometer, the techniques presently used need much refinement before 
they become practical field tools. 

Studies involving simple radioactive tracers can be greatly facilitated by use 
of a gamma-ray spectrometer while studies involving the use of multiple tracers 
are made possible through the use of this equipment. As information about the 
potential uses of this equipment is disseminated we should see the gamma-ray 
spectrometer take a place in mineral exploration laboratories along with the x-ray 
diffraction and x-ray fluorescence spectrometers. 
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AN ELECTRICAL RESISTIVITY SURVEY FOR GROUND WATER* 
TSVI MEIDAVt 
ABSTRACT 


An electrical resistivity survey was carried out in Grundy, Chariton, and Carroll Counties, 
Missouri, in connection with a ground water project of the Missouri Geological Survey. The aim 
of the project was to locate buried channels under the glacial cover. 

The resistivity data obtained was interpreted both empirically and quantitatively. The empirical 
method was found to be satisfactory wherever the uniformity of electrical properties was maintained 
by either the glacial cover or bedrock, and the resistivity contrast was high. The quantitative tech- 
nique used most commonly in this study was Spicer’s (1956) modification of Hummel’s (1932) 
procedure, used in conjunction with standard two-, three-, and four-layer master curves. The limita- 
tions of the quantitative methods of interpretation are indicated in a series of resistivity distribution 
curves. 


INTRODUCTION 

This electrical resistivity investigation was carried out in connection with a 
drilling program which the Missouri Geological Survey conducted in northern 
Missouri during 1955-57. The aim of the drilling program was to find new sources 
of potable ground water in buried channels below the glacial cover. 

The object of this investigation was to determine whether (1) the electrical 
resistivity method might be useful in delineating bedrock topography, and 
whether (2) the method would help delineate glacial stratigraphy in the study 
area. It was considered that the first problem could be solved if the glacial drift 
should exhibit electrical properties which are distinctly and unequivocally dif- 
ferent than those of the bedrock. The second problem was considered to be de- 
pendent upon the range of resistivities of each lithologic unit within the glacial 
drift. 

Northern central Missouri is underlain by Pennsylvanian rocks which dip 
gently in a southwesterly direction. These rocks consist of a large number of 
thin beds of limestone, sandstone, and shale. The maximum thickness of the 
glacial drift covering the bedrock is about 400 ft. The glacial cover thins south- 
ward and its thickness is negligible south of the Missouri River. The electrical 
resistivity study covered Chariton and Carroll Counties and a part of Grundy 
County (Figure 1). 

METHODS OF INTERPRETATION 


Resistivity curves may be interpreted by either empirical or quantitative 
methods. The empirical method used here is based on a constant correlation of 
field resistivity curves with resistivity curves that were obtained at wells for 
which logs were available, or at thick road cuts. This empirical method was 
found to be satisfactory wherever uniformity of electrical properties was main- 


* Manuscript received by the Editor January 14, 1960. 
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Fic. 1. Area covered by the resistivity study. 


tained by either glacial drift or bedrock, and resistivity contrast was high, so 
that only depth-to-bedrock need be considered as a variable. There the resis- 
tivity contrast is low or the number of layers is large, the change in the slope of 
the curve may not be capable of visual interpretation. Figure 2 illustrates an 
example of a successful empirical interpretation which helped locate accurately a 
buried channel, as was shown by subsequent drilling. 

The quantitative methods used here are based on either comparison of the 
field curve with a set of master curves or on mathematical analysis of the curves 
obtained. The advantage of these methods lies in the fact that they yield an 
approximately true resistivity value of each lithologic unit, as well as the depth- 
to-bedrock. These true resistivity values allow a critical examination of the 
applicability of the resistivity method in northern Missouri in general. 
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Roman’s (1934) superposition method is a quick and efficient method for the 
two-layer case. However, the number of curves which exhibited a two-layer ap- 
pearance was very small. Roman’s master curves were used in conjunction with 
Hummel’s (1932) approximation method, whereby a three-layer curve is re- 
solved into two two-layer curves wherever no three-layer master curve is avail- 
able. Wetzel and McMurry (1937), and Mooney and Wetzel (1956) master 
curves for the three- and four-layer earth were used frequently, but these methods 


bottom of channel — 


RESISTIVITY SCALE 
° 2 kitohm-cm 


Fic. 2. Example of an empirical iaterpretation, which was used to locate 
a buried channel in Grundy County, Missouri. 


did not fit a large number of field curves because of the obviously large number of 
permutations of resistivity within a four-layer earth, which is considerably 
greater than the number of master curves computed. The best method and the 
one most commonly used in this study is the one due to Hummel. 


HUMMEL’S METHOD 
Hummel (1932) showed that two layers of different resistivities may be com- 
bined into one, provided that the thickness of the second layer is large compared 
with the thickness of the first. 
The resistivity of the composite layer is given by Kirchoff’s law for resistors 
in parallel: 
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where 
d\, p; are the thickness and resistivity of the first layer, 
d», p, are the thickness and resistivity of the second layer, 
d, Pomp are the thickness and resistivity of the composite layer. 


Thus, a three-layer earth may be mathematically reduced to a two-layered one 
by combining the upper two layers by means of Hummel’s procedure and then 
solving the new curve as a two-layer case by means of Roman’s master curves. 
Similarly, where d;>>d.>>d, and p> pes p3, the top three layers may be combined 
into a single layer by means of the generalized relationship 


d 


Pcomp i=1 Pi 


(2) 


where is the number of layers to be combined. The requirement that the re- 
sistivities of consecutively deeper layers should decrease relative to the layer 
above is a consequence of Watson and Johnson’s (1938) analysis, which in- 
dicated that Hummel’s approximation does not give a good fit in the three- 
layer, maximum-type curves. In such cases, the two-layer master curve ap- 
proaches the lower section of the three-layer curve only at very great distances. 
The approximation was found to be sufficiently accurate only when the inter- 
mediate layers had a lower resistivity than the top and bottom layers. For- 
tunately, this constraint is not too limiting, as the majority of curves obtained 
in this study are of the required type. 

Spicer’s (1956) modification of Hummel’s method has the attractive feature of 
being self-corrective. That is, a wrong depth interpretation will generally not 
yield a good fit of the master curve with that section of the field curve which 
corresponds to the bottom layer. To demonstrate the self-corrective features of 
Hummel’s method it will be first applied to the analysis of a three-layer master 
curve taken from Wetzel and McMurry (1937). The resisitivity ratios of the 
theoretical curve are 1:1/10:3 and thickness ratio is 1:3 (Figure 3). The bottom 
of the second layer is, as usual in this set of curves, above the abscissa value 
of 8. The resistivity of the first layer is determined from very short electrode 
spacing and is taken to equal unity. The depth to the bottom of the upper- 
most layer is found by superposition of Roman’s (1934) master curves or of the 
analogous two-layer curves in the Mooney-Wetzel (1956) set. The best fit is 
obtained by means of curve /; interpolated when k= —0.8 and k= —0.9, with 
a k value of —0.82, where & is the resistivity contrast factor. The resistivity of 
the second layer is p2=0.1 p;. The thickness of the first layer d; is found from the 
indicator line of the master curve to equal two units. 

In the next step, one must estimate the depth to the third layer. Generally, 
the point of minimum resistivity is related to change in lithology in the following 
manner: (a) If the gradient of the resistivity curve increases sharply beyond the 
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minimum, then the minimum point signifies change in rock types. (6) If the 
gradient left of the minimum is very steep, whereas the gradient to the right of 
the minimum point is not, then the bottom of the layer is to the left of the mini- 
mum. (c) If both left and right slopes are gentle, the bottom of the layer with 
which the minimum is associated is to the right of the minimum point. 

Under these rules of thumb, the depth to the layer associated with the 
minimum (often bedrock) may be estimated and readjusted a number of times. 
The estimate of depth to the third layer in this example would be eight units 


RESISTIVITY RATIO: 
THICKNESS RATIO 1:3 
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Fic. 3. Analysis of an ideal three-layer resistivity curve by means of 
the two-layer master curves. 


(point a, Figure 3), indicating that the depth to the point of minimum resistivity 
equals the depth to the third layer in this particular case. We now know the 
resistivity of the upper two layers, the thickness of the top layer, and have 
an estimate of the thickness of the second layer. Substituting these in equation 


1 above 


we obtain pomp, the resistivity of the composite layer. 

We now superimpose the two-layer master curves on the “‘field curve.”’ to 
determine the resistivity of the third layer. However, the abscissa line p=1 of 
the master curves must now coincide with the line p=0.129 on the field curve, 
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and the ordinate depth indicator of the master curves must coincide with the 
vertical line intersecting the value ‘‘eight” on the field curve. It is found that 
only the master curve with a resistivity contrast factor k= +0.92 fits the field 
curve beyond the minimum point (curve a’, Figure 3). To obtain the resistivity 
of the third layer we substitute the obtained value of & in equation (2). ps; is 
found to equal 3.1, as compared with a value of 3 on the three layer master curve. 

The self-corrective features of the method for fairly simple cases are demon- 
strated in the following examples: (a) Assume that the estimated depth to the 
third layer was incorrectly taken as 10 (point b, Figure 3). The ratio of thicknesses 
of the first to second layer are found as above, yielding depth values d,=2, 
d= 8. Substituting these into equation 1 we get p=0.122. Using 0.122 as the 
base of the abscissa of the master curves and 10 as the position of the vertical 
depth indicator of the master curves (point 5), we find that the closest master 
curve fit is given by curve 0’, although it does not coincide with the ‘‘field curve” 
even at large distances. Hence, this interpretation is not acceptable. (b) Assume 
now that the depth to the third layer was taken equal to six units. Then, d,=2, 
d.=4, and p=0.143 (from equation 1). Following the superposition procedure as 
above, curve c’ is found to give the best fit in this case, although it is far from 
satisfactory. By process of trial and error it is found that the curve a’, which 
was obtained from choosing the point a as the bottom of the second layer, gives 
the most plausible fit, as required. This self-corrective feature makes it possible 
to obtain a better depth determination by this method than by recourse to 
either rules of thumb alone, or to ill-fitting three- or four-layer master curves. 
Analysis of two actual field curves further demonstrates the use of this method. 

Sta. No. 6, Chariton County (Figure 4), is characterized by low resistivity 
contrasts and by a second layer which is about thirty times as thick as the 
top layer. By superimposing Roman’s master curves on the shallow section of 
the curve, /;, depth to the bottom of the first layer, is found to equal three ft. 
The depth to the third layer, he, is is found to be 100 ft, by a trial and error ad- 
justment as above. By use of equation 1, the composite resistivity is found to 
equal 1.65. It is found that the master curve k=0.7 gives the best fit for the 
particular horizontal and vertical constraints. The depth to bedrock was found 
to be 116 ft in a hole drilled near the location of this station. It should be noted 
that although the second master curve does not fit closely the shallow points of 
the field curve, it approaches the deeper points asymptotically. 

An analysis of a four-layer curve, using both two- and three-layer master 
curves, is illustrated by Figure 5. The shallow section of the curve is fitted with a 
three-layer Wetzel-McMurry curve (/;). The master curve has a ratio of thick- 
nesses d;:d2::1:4 anda resistivity ratio 1:1/10:1/3. Hence, d,= 1.45 ft, d2=5.85 ft 
and the composite resistivity of the top two layers is peomp=0.903 kilohm-cm. 
Peomp is now used as the abscissa of the two-layer master curves, which fit the 
field curve to a depth of about 30 ft (curve /2, Figure 5), when k=0.37. The top 
three layers are combined to give a new composite resistivity value of 2.175. 
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The best estimate of the depth to the fourth layer, hs, is found to be 42 ft, and k 
is found to equal 0.9 (curve J;). 
RESULTS OF THE STUDY 

Results of the quantitative study are given in a series of histograms showing 
the distribution of resistivities of (1) clay, (2) sand and gravel, and (3) bedrock, 
in Carroll and Chariton Counties (Figures 6 and 7). An exponential class inter- 
val of log:.7 of the resistivity in kilohm-cm was selected. The exponential scale 
was chosen because detectability of a deeper layer depends on a logarithmic 
change of resistivity. The base, which determines the class interval, was selected 
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Fic. 6. Histograms of clay, sand-and-gravel and bedrock resistivity distribution in Carroll 
County, Mo. The abscissa is the log; 7 of the resistivity in kilohm-cm. The ordinate shows the number 
of samples in each class interval. 


empirically so that a normal distribution curve could be obtained. The formula for 
change of base employed here is 


log, H = loga N log, a. (3) 
In this case 
logio x 
(4) 
logio 


where y is the log;7 of the resistivity of the class interval. Arbitrary class in- 
terval values increasing from 0.6 to 1.0 in increments of 0.4 and from one to ten 
in increments of one were selected. Equation 4 was solved for x, the resistivity 
in kilohm-cm of the class interval, for every value of y. A conversion table from 


| 
ge 
| 


TSVI MEIDAV 


FREQUENCY 


c) ' 2 3 4 5 6 2 3 4 5 
SAND @ GRAVEL BEDROCK 


LOG, OF 


Fic. 7. Histograms of clay, sand-and-gravel and bedrock resistivity dis- 
tribution in Chariton County, Mo. 


y to x values is furnished in Table 1. The section of the histograms containing 


the interval y=0.6 to y= 1.0 was expanded on the histograms to avoid compres- 
sion of the left hand part of the distribution curve. 


TABLE 1. CONVERSION TABLE FROM x, THE RESISTIVITY IN KILOHM-CM OF THE 
Crass INTERVAL TO y, log 1.7 OF THE RESISTIVITY IN KILOHM-CM 


_ 


The high degree of overlap of the distribution curves in both counties indicates 
that little confidence could be placed in a numerical resistivity value as a means 
of separating bedrock from sand or gravel (Figures 8 and 9). These histograms 
indicate that it is possible to distinguish with greater certainty between layers of 
clay and layers of sand than between sand-and-gravel layers and bedrock. 

Figure 10 shows the result of combining the distribution curves of each sam- 
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Fic. 8. Smoothed distribution curves of clay, sand-and-gravel and bedrock in Carroll County, Mo. 


ple type of both counties. The figure indicates that no reliable distinction may be 
made among the three components, because the probability of error when the 
determination is made ona purely quantitative basis is too high for most purposes 
The wide degree of overlap of the resistivities of the different materials is partly 
due to the fact that the means and the modes of the electrical resistivity of each 
material varied considerably from one county to the other, as shown in Table 2. 
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Fic. 9. Smoothed distribution curves of clay, sand-and-gravel and bedrock in Chariton County, Mo. 
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Fic. 10. Combined distribution curves of clay, sand-and-gravel and bedrock, Carroll 
and Chariton Counties, Mo. Note the overlap of the curves. 


QUALITATIVE APPROACH 

Examination of the analysis above may lead the reader to conclude that the 
electrical resistivity method is ineffective in northern Missouri, inasmuch as 
there are no characteristic properties by which bedrock may be distinguished 
at every point from the overlying glacial drift. Such a conclusion is not completely 
warranted. It is true that lack of characteristic electrical properties of bedrock 
and the overlying drift will render a purely quantitative approach useless, yet it 
is possible to distinguish bedrock empirically by means of continuous extension 


TABLE 2. MEAN RESISTIVITIES OF GLACIAL DRIFT AND BEDROCK IN 
CHARITON AND CARROLL COUNTIES 


Mean bedrock resistivity in Carroll County is smaller than that of the overlying sand and gravel. 
Numbers are rounded out to two significant figures. 


Resistivities in Kilohm-cm 


County 
Sand Bedrock 


10 16.0 
72 


Chariton Mean resistivity 
No. of determinations 
Carroll Mean resistivity 15. 
No. of determinations 


Mean of both counties 


Deviation from the mean, percent 


Chariton —24.5 —35.5 
Carroll +43.8 +28. 
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of stations from a locality where lithology is known to the point of interest. Such 
a procedure, if workable, will be independent of the absolute resistivities of 
bedrock and drift, and will depend only on the lithological continuity in the area. 
The reliability of such a method will be related to the density of the correlation 
stations and the traceability of the electrical changes in the lithology between 
them. The results of the investigation described below tend to confirm the use- 
fulness of the empirical method. An outstanding example of good depth deter- 
mination by correlation is given below in the discussion of Figure 2, Grundy 


County. 


Grundy County 

Prior to the initiation of the resistivity the Missouri State Geological Survey 
published a general bedrock topography map based on logs obtained during the 
drilling program (Figure 11). One purpose of the electrical resistivity investiga- 
tion was to determine the exact location at which the subsurface channel that 
enters the county in the northeast corner crossed Highway 65. This was accom- 
plished by establishing an initial line of eleven stations at half-mile intervals 
between Tindall and Spickard. Although the channel was not found when a grid 
of one-half mile was employed, a one-quarter mile spacing yielded unmistakable 
evidence for the presence of the channel one mile south of Spickard. The inter- 
preted depth to the deepest part of the channel was more than 200 ft (Figure 2). 
This depth was much greater than the depth to bedrock from the bedrock con- 
tour map of the Missouri Geological Survey (1956) which was based on drilling 
alone (Figure 11). To check this interpretation, the Missouri Geological Survey 
drilled at the approximate location of the channel. The drilling verified the pre- 
dicted channel location. Another channel crossing, possibly a tributary of the 
channel encountered south of Spickard, was discovered by electrical resistivity 
about one-half mile west of Spickard «nd was subsequently verified by drilling 
north of Spickard, in Mercer County. As a result of the findings from the resis- 
tivity survey and of confirmatory drilling south of Spickard, the Missouri 
Geological Survey revised its bedrock topography map of Grundy County 
(Figure 12). 


Chariton County 

A reconnaissance resistivity survey of Chariton County was conducted be- 
fore test drilling and without any reliable correlation wells. The purpose of the 
test was to determine the limitations of the resistivity method under conditions 
of very poor control. The contour map constructed on the basis of these observa- 
tions compared satisfactorily with the bedrock topography map prepared from 
subsequent drilling data. The drill holes, which were closely spaced, afforded a 
more detailed contouring. The agreement between the two surveys is unexpected 
in view of the overlap of the resistivities of bedrock and glacial drift in this county. 
The general agreement is a result of the particular interpretive procedure: where- 
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Fic. 11. Bedrock contour map based on drilling alone, Grundy County, 
Missouri (after D. L. Fuller and W. B. Russell). 


ever possible, resistivity records were correlated with nearby drill holes; when- 
ever the test records showed a distinctly different character from those of the 
correlation station, intermediate stations were established to trace out the 
change, thus reducing dependence on quantitative techniques which yielded 
ambiguous results in that county. 


Carroll County 

The purpose of the test in Carroll County was to determine to what extent 
the reliability of the geophysical method was enhanced by comparison of the 
resistivity curves with test well logs which were available during the study, and 
how far from such control could observations be safely taken. 
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The result of comparison of twelve resistivity stations with adjacent test 
holes which were not available during the study is presented in Table 3. The 
table suggests that the resistivity method is satisfactory in distinguishing between 
clay and sand, in spite of the overlap of the distribution curves. The table also 
suggests that there is only a small difference between the resistivity distribution 
of sand and gravel, on one hand, and bedrock on the other, indicating that 
quantitative techniques of bedrock determination will be of little use in that 
county. It should be noted that 50 percent of the predictions were correct in 
spite of poor resistivity contrasts. It should also be noted that most of the poor 
predictions were more than five miles away from the last correlation well. 
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Fic. 12. Bedrock contour map based on drilling and resistivity, Grundy 
County, Missouri (after D. L. Fuller and W. B. Russell). 
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TABLE 3. COMPARISON OF PREDICTION FOR RESISTIVITY STATIONS WITH 
Locs oF Dritt Holes IN THEIR VICINITY, CARROLL COUNTY 


ivity stations. 

Remarks 


22-68 | 68 | 450 ft S. of DH. 833 
38-135 | 135 | 


36-60 | 80 | 400 ft W. of D.H. 834 


| W. of D.H. 834 


| 300 ft S. of D.H. 836 


500 ft W. of D.H. 837 


D.H. 837 26- 96 


Sta. 61 7 | 600 ft W. of D.H. 839 


0-10 . | 150 ft N. of D.H. 840 
0-10 


At D.H. 842 


D.H. 842 0-10 


| 500 ft S.E. of D.H. 847 


| 700 ft E. of D.H. 846 


| 500 ft N. of D.H. 848 


0-20 
38-50 : | D.H. 849 is at elevation 20’ lower than 
| station. Sta. is 650 ft N. of D.H. 849 


D.H. 849 0-20 | 


Sta. 50. | 0-22 5 300 ft from D.H. 850 
D.H. 850 | 0-20 
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“a D.H. refers to drill holes of the Missouri 
cel | Soil and Clay, Sand and ie 
Sta.57 | 0-22 | 
D.H. 833 | 0-38 | 
60-80 
Sta. 58.1 | 0-14 | 
D.H. 834 0-48 | 68 84 
68-84 | | 
Sta. 59 0-26 | 26-50 0 
D.H. 836 0-25 75 75 
Sta. 60 0-18 | : 
| 26-57 | 
D.H. 840 
Sta. 65 0-4 4 32 
32-70 
10- 70 70 
Sta.45 | 0-20 20- 55 
| 55-75 75-115 | 75 (2) 
D.H.847 | 020 | 75-435 | 135 | 
Sta. 47 o1 | 11-46 | 46 
D.H. 846 0-15 i 
pus 
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CONCLUSIONS 


Resistivity values obtained in northern Missouri for a particular type of 
rock varied considerably from one locality to another. Therefore, depth-to-bed- 
rock could not be reliably determined by means of quantitative interpretation 
techniques alone. 

On the other hand, the reliability of the resistivity method may be satisfac- 
tory wherever continuous, traceable changes of resistivity take place; it in- 
creases with closeness to reliable control and traceability of resistivity changes, 
and decreases with the lack of these conditions. 
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A NOTE ON CHEMICAL MAGNETIZATION OF ROCKS* 


LYNN G. HOWELL,? JOSEPH D. MARTINEZ,+ ALEX FROSCH,+ 
AND E. H. STATHAMt 


ABSTRACT 


Previously obtained magnetic data for Silurian samples from Alabama are presented. Both the 
remanent vector and the plane of maximum susceptibility lie close to the bedding plane for this ore 
containing chemically formed hematite. Now, X-ray measurements show preferred crystal orienta- 
tion of the hematite in agreement with the susceptibility anisotropy. On the other hand, samples 
from the Tertiary in Texas containing hematite resulting from chemical alteration show no appreci- 
able preferred crystal orientation or susceptibility anisotrapy. Thus, in this case there is no obvious 
relationship between the crystal growth of the hematite and the direction of the earth’s magnetic 
field. It is suggested that stresses probably played a role in the crystal orientation in the Silurian 
iron ore. An interesting chemical magnetization took place in the Weches of Tertiary age in Texas. 
The unaltered glauconite in the Weches is reversely magnetized whereas the limonite derived from 
the glauconite by weathering is normally magnetized. 


INTRODUCTION 
We have been interested in the magnetization which occurs in the chemical 
deposition or chemical alteration of sediments (1956, 1957, 1958). We have 
pointed out the important role of hematite in chemical deposits and its interest- 
ing magnetic properties relative to its crystalline structure. At ordinary tempera- 
tures hematite is ferromagnetic in the basal plane and paramagnetic or slightly 
ferromagnetic along the ternary axis. 


SILURIAN IN ALABAMA 


In a preceding paper (1958), measurements of both remanent magnetism and 
anisotropy of magnetic susceptibility were presented as made with samples of 
Clinton iron ore of Silurian age obtained near Birmingham, Alabama. These 
samples contain chemically formed hematite. The data are again presented in 
Figure 1, which shows the remanent north-seeking vectors plotted as circles on 
the lower hemisphere of a Schmidt net. The solid lines are traces of the planes 
of maximum susceptibility, the arrows coupling the remanent vector to the trace 
for the same sample. Since the planes of maximum susceptibility are very close to 
the bedding plane, we were not able to surmise whether this anisotropy is due to 
bedding geometry or to crystal orientation. 

However, we now have X-ray data obtained by A. D. Kaiser, Jr. of the Geo- 
chemical Group in this laboratory. Intensity measurements were made by 
means of a Geiger counter with diffracted X-rays from an iron-target tube. Three 
slabs were cut from each of two samples: one slab approximately parallel to the 
bedding plane; one, in a perpendicular plane along strike; and one, in a perpen- 
dicular plane along dip. Data for three X-ray peaks are presented corresponding 

* Manuscript received by the Editor February 16, 1960. 

+ Humble Oil & Refining Co., Houston Research Center, Houston, Texas. 


1094 


: 
Ne 
2, 
| 
: 
: 


A NOTE ON CHEMICAL MAGNETIZATION OF ROCKS 


Fic. 1. Lower hemisphere plot of magnetic vectors and traces of 
planes of maximum susceptibility for Clinton iron ore. 


to reflections from the crystal planes (110), (211), and (110). The (110) plane is 
perpendicular to the basal plane; unfortunately, the basal plane does not produce 
an X-ray reflection. The peak intensities in the case of each flat sample are 
given relative to the (211) peak. 

Of the three planes, the (211) makes the smallest angle (about 38°) with the 
basal plane. In looking at the relative intensities of the peaks it will be noted 
that there is a decided difference for the bedding plane sections and the perpen- 
dicular-to-bedding sections. Although the weak (110) peak gives evidence of 
crystal orientation, we shall confine our attention to the two stronger peaks. As 
we shall see later in a sample showing no significant crystal orientation, the rela- 
tive value of the (110) peak varies from about 0.6 to 0.8. Therefore, the values 
of the (110) peak in Table I are near normal in the case of the bedding plane 
sections but are abnormal and high for the perpendicular-to-bedding samples. 
Thus, there seems to be a preferred orientation of the (110) planes in the per- 
pendicular-to-bedding sections. Since the basal plane is perpendicular to these 
(110) planes, it would appear to have a preferred orientation in the bedding 
plane. This orientation may explain at least in part the maximum magnetic 


TABLE I 


Relative Peak Heights 
Retlecting Planes and Spacings - 
(110) 3.68A° 


(211) 2.69A° (110) 2.51A° 


Sample A 
Normal-to- Bedding Section Along Strike 
Normal-to-Bedding Section Along Dip 
Bedding Section 


Sample F 


Normal-to-Bedding Section Along Strike 
Normal-to-Bedding Section Along Dip 
Bedding Section 
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susceptibility occurring near the bedding plane; it will be remembered that for 
single crystals of hematite, maximum susceptibility is found in the basal plane. 

Now, since the X-ray measurements do indicate a preferred crystal orienta- 
tion, we come back to the question of whether the orientation was brought about 
by the magnetic field at the time of the chemical growth of the hematite or 
whether the orientation was due to stresses as evidenced by the near coincidence 
of the basal plane in the bedding plane. We still raise questions as to whether the 
remanent vector has been moved towards the plane of crystal orientation; 
whether the chemical growth of hematite took place later than Silurian time; 
or, perhaps, whether we have sampled inadequately. It will be recalled that the 
pole location computed from the remanent vector data seems to correspond to a 
time later than Silurian since the remanent vector is closer to the horizontal than 
would be expected. These are questions which we can not answer satisfactorily 
although we will discuss the crystal orientation problem later. 


TERTIARY IN TEXAS 


We have investigated another unit containing hematite, a product of chemical 
alteration. In this case samples were obtained from large concretions and con- 
cretionary lenses, probably originally siderite, which occur in the Wilcox of lower 


Eocene age. Five samples were obtained from three locations covering a distance 
of about a half mile in a brick quarry to the east of Austin, Texas (Elgin Standard 
Brick & Tile Manufacturing Company). Figure 2 shows a Schmidt net on which 
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Fic. 2. Lower hemisphere plot of magnetic vectors for chemically altered samples of Wilcox. 
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are plotted the remanent vectors in the lower hemisphere. Each circle represents 
an average from two plugs. The direction of magnetization for a centered dipole 
along the earth’s axis is indicated, as well as the direction of the present earth’s 
field. The magnetization of the samples appears to be intermediate between the 
directions of the dipole field and the present field. This is not surprising since the 
chemical alteration probably took place in recent times. 

In addition to these data, measurements were made of magnetic susceptibility 
by means of a modified Maxwell inductance bridge, which allows determinations 
to be made in any direction in the specimen. Plugs from four samples were meas- 
ured. The susceptibility for these ranged from 6 to 9X10~° cgs units per cc. On 
the other hand, the remanence ranged from 5 to 16 10~ cgs units per cc. Thus, 
we obtain values of Y from about 10 to about 40, the value of Q being the ratio 
of the remanent magnetization to that induced in the earth’s field (0.5 oersted). 
These values of Q are extremely high for sediments. As to anisotropy of suscep- 
tibility, in no sample did the susceptibility vary by more than about one percent. 
Thus, compared with the Clinton ore, which showed variations of the order of 5 
percent, these samples possess very little magnetic anisotropy. 

The susceptibility measurements were also corroborated by X-ray measure- 
ments. Slabs were again cut from two samples: one slab being a N-S vertical 
section; one, a horizontal section; and one, roughly perpendicular to the mag- 
netic vector. In this case a copper-target X-ray tube was used. In the following 
table the relative intensities of the (211) and (110) peaks are given: 


TaBLe II 


Relative Peak Heights 


(110) 


Sample 2A 
Vertical N-S Section 
Horizontal Section .80 
Section Dipping 35° to S 
Sample 3A 
Vertical N-S Section 
Horizontal Section 
Section Dipping 35° to S 
In no case was the (110) peak stronger than the (211) peak. Thus, whereas the 
chemically formed hematite of the Clinton ore exhibits crystal orientation along 
with susceptibility anisotropy, the weathered Eocene exhibits no preferred crystal 
orientation or susceptibility anisotropy to any marked degree. Thus, it seems 
hematite particles can grow chemically and become magnetized without crystal 
orientation. This may be an example of the process suggested by Haigh (1957) 
in which the chemically formed particles become magnetized in the earth’s 
field when they are very small and the relaxation time of magnetization is very 


q 
211) 
= 
Wa: 


1098 LYNN HOWELL, JOSEPH MARTINEZ, ALEX FROSCH, E. H. STATHAM 


short. As the particles grow, the relaxation time becomes longer and the mag- 
netization becomes frozen in. 

On the other hand, we might suspect that stresses may have been responsible 
for the preferred crystal orientation in the Clinton iron ore which is an older 
rock and was probably subjected to higher stresses than were the Tertiary rocks 
in which the hematite was formed near the surface. We had previously found 
strong magnetic susceptibilities along the plane of foliation in some metamorphic 
rocks (1958); now, Hargraves (1959) has demonstrated preferred crystal orienta- 
tion agreeing with a strong susceptibility anisotropy in metamorphic rocks 
bearing hemo-ilmenite. Although it is not suggested that the Clinton iron ore is 
metamorphosed, it may have been subjected to stresses on a much smaller scale. 

The Weches formation of Eocene age furnishes a very interesting example of 
chemical magnetization. The unweathered glauconite of the Weches is reversely 
magnetized, whereas the weathered zone containing limonite derived from the 
glauconite is normally magnetized, the magnetization taking place in the recent 
earth’s field as the limonite was chemically formed. Eleven samples of weathered 
Weches from seven locations were obtained in the counties of Anderson, Chero- 
kee, and Smith in East Texas. These samples of unweathered glauconite were 
obtained from two locations in Cherokee and Nacogdoches Counties in East 
Texas. Figure 3 shows a Schmidt projection on which are plotted the remanent 
vectors, the dipole field direction, and the present earth’s field direction. The 
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Fic. 3. Upper hemisphere (solid dots) and lower hemisphere (open circles and squares) plot 
of magnetic vectors for unweathered and weathered samples of Weches, respectively. 
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open circles are plotted on the lower hemisphere and represent the directions of 
magnetization of the weathered Weches. On the other hand, the solid dots repre- 
sent the directions of magnetization on the upper hemisphere of the unweathered 
Weches glauconite. Again, the chemical magnetization seems to take a direction 
intermediate between that of the dipole field and that of the present field. This 
seems to be a clear case in which the chemical magnetization has actually re- 
versed the original magnetization. 
CONCLUSION 

We have presented two cases of chemically magnetized hematite, one case 
showing preferred crystalline orientation and magnetic susceptibility anisotropy, 
and the other showing neither property. There is a strong possibility that 
stresses played a role in one case and not in the other. We have also presented 
a case in which the chemical magnetization has reversed the original magnetiza- 
tion of the sediment. 
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GEOPHYSICAL ACTIVITY IN 1959* 


HOMER G. PATRICK?# 


THE PETROLEUM INDUSTRY 


Geophysical activity by the petroleum industry in 1959 was reduced in all 
the major areas of the free world except in the Far East where a small over-all 
gain was reported. An average of 957 geophysical crews of all types operated in 
world-wide exploration during the year. In 1956, a record high year, the world- 
wide average was 1,136 crews. 

References have been made in the literature concerning geophysical work in 
the Soviet Union and China. Following is a quotation from an article ‘“‘The 
Present and Future of the Oil and Gas Industries of the USSR” by Prof. F. 
Trebin, Doctor of Technical Sciences and I. Zlotnikov, Engineer, which was 
published in the May 1960 issue of Independent Petroleum Association of 
America Monthly: ‘“‘Especially widely employed are the seismic methods of 
prospecting (the reflected waves method, the correlated refracted waves method, 
focused logging, and so on). Today the USSR has 400 seismic teams prospecting 
for oil and gas and by 1965 there are to be 1,200.” In an article from the Novem- 
ber 1959 issue of Izvestiya Academy of Science—Geophysics, the authors make no 
direct statement about the number of crews involved but they mention geophysi- 
cal work, particularly reflection and refraction seismic work in the following 
widely separated areas: The Tsaidam Depression, Yumning Area, which lies in 
approximately 40° N. latitude and 97° E. longitude and is separated from the 
Tsaidam Depression by a high mountain range (Nan-Shan), Province of Sze- 
chwan in the vicinity of Chengtu (31° N., 104° E.), and North China Plain in the 
vicinity of Chenghcow in the north and Nanking in the south. 

Table I shows the distribution of world-wide geophysics exploration in 1959 
according to area and to method. Corresponding figures for 1958 and rate com- 
parisons with the previous year’s activities are also shown. Over-all activity in 
the United States was only slightly below the 1958 level. Canada reported a 
25.6 percent reduction in the use of geophysics while in the Western Hemisphere, 
as a whole, the 1959 activity was down by 5.1 percent compared to 1958. A 
greater reduction took place in the Eastern Hemisphere where 1959 activity was 
reduced 14.5 percent. World-wide activity in geophysics exploration declined 
8.9 percent in 1959. 


* Report of the Committee on Geophysical Activity of the Society of Exploration Geophysi- 
cists. The members of the Committee are: Kenneth L. Cook, R. J. Copeland, Santos Figueroa 
Huerta, Herbert Hoover, Jr., C. N. Hurry, Kumiji Iida, Bart W. Sorge, L. R. Tucker and 
Homer G. Patrick, Chairman. 

{ Humble Oil & Refining Company, Houston, Texas. 
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Figure 1 shows the world distribution of seismograph prospecting during 
1959. The percentage figures in the divisions and the sub-divisions of the chart 
represent the proportion of the world’s seismograph work carried out in the 
areas shown. The (+) and (—) signs indicate whether the percentage figures 
shown are greater than or less than the corresponding figures for the previous 
year. The United States continues to be the scene of greatest seismograph ac- 
tivity, with 52.4 percent of the world’s total effort during 1959. Seismic explora- 
tions in North America during the year amounted to 63.3 percent of the total. 
The division of seismic work between the two hemispheres was 71.9 percent in 
the Western Hemisphere and 28.1 percent in the Eastern Hemisphere. The major 
portion of the seismograph work in the Eastern Hemisphere was done in Europe 
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Fic. 1. World distribution of seismograph prospecting in 1959. 
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with 10.6 percent and in Africa with 10.5 percent of the world’s total. The 
remainder of the seismic activity in the Eastern Hemisphere was about equally 
divided between the Middle East (3.6 percent) and the Far East (3.4 percent). 
World distribution of gravity prospecting in 1959 is shown in Figure 2. Gravity 
exploration work in the Western Hemisphere during the year amounted to 65.3 
percent of the total, 43.7 percent in North America and 21.6 percent in South 
America. The greatest concentration of gravity work in the Eastern Hemisphere 
during the year was in the Far East where 13.3 percent of the world’s total work 
was done. Africa accounted for 7.8 percent, the Middle East 7.7 percent and 
Europe 5.9 percent of the 1959 gravity explorations. 
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Fic. 2. World distribution of gravimeter prospecting in 1959. 
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EASTERN HEMISPHERE 


Europe 


GEOPHYSICAL CREW-MONTHS IN EuROPE—1959 


Gravity 


Seismic Magnetic 


Cont. Co. Cont. 


Austria 12 

France 16 9 
Germany 35 27 

Italy & Sicily 12 8 2 
Netherlands 5 

Spain 5 K 13 

Switzerland 

United Kingdom 


278 748 
Total 1,026 


A decline in the use of geophysical methods of all types was reported in 
Europe during 1959. Activity in seismic work was reduced to 1,026 crew-months 
compared to 1,417 crew-months in 1958 and 1,517 crew-months in 1957. Use of 
the gravity method was reduced to 88 crew-months and ground magnetic work 
amounted to only 12 crew-months during the year. West Germany was the 
leader in geophysical activity among the European nations in 1959. Geophys- 
ical exploration work in Germany was twice that reported in Italy, the second 
ranking country. France ranked third but total operations in that country were 
less than half that reported in 1958. Activity in Austria during 1959 was about 
equal to the 1958 activity. Other countries where some geophysical work was 
reported during the year are Netherlands, Spain, Switzerland and United King- 
dom. Geophysical surveys other than seismic, gravity and ground magnetic 
which were reported included telluric current (2.1 crew-months) and electrical 
surveys (12 crew-months) in Austria; electromagnetic (1,712 line-miles) and 
airborne radiation detection surveys (2,687 line-miles) in England; airborne 
magnetometer (3,000 line-miles) and electrical surveys (9 crew-months) in 
France; airborne magnetometer (138 line-miles), geoelectric surveys (14 crew- 
months) and other types (15 crew-months) in Germany; airborne magnetometer 
(3,500 line-miles) and electrical surveys (37 crew-months) in Italy; electro- 
magnetic (193 line-miles) in Spain and electromagnetic (367 line-miles) in 
Cyprus. 

Contract geophysical companies did 73 percent of the seismic work, 73 per- 
cent of the gravity work and almost all of the work of other types carried out in 
Europe during 1959. 


ae 
; 
aie 
Other 
Co. Cont. Co. Cont. 
33 116 
207 
31 
27 
= 
88 12 99 1,225 
a 
: 


GEOPHYSICAL ACTIVITY IN 1959 


GEOPHYSICAL CREW-MONTHS IN AFRICA—1959 


Seismic Gravity Magnetic Other - 

—— SS Total 

Co. Cont. Co. Cont. Co. Cont. Co. Cont. 
: Algeria 18 313 331 
‘ Cabinda 12 12 
‘ Egypt 12 13 12 37 
Fr. E & W Africa 12 6 1 19 
Gabron 12 21 7 40 
Libya 48 264 12 20 6 350 
Ivory Coast 8 8 
Madagascar 6 5 11 
Morocco 4 5 9 18 
Mozambique 24 22 11 57 
Nigeria 24 74 98 
Portugese Guinea 13 24 37 
Senegal 12 32 44 
Br. Somaliland 9 9 
It. Somaliland 4 4 
Tunisia 24 24 


Other 


Total 


Geophysical exploration continued at a high level in the countries of Africa 
during 1959. Seismic work was increased from 829 crew-months in 1958 to 1,019 
crew-months in 1959. Explorations by methods other than seismic were reduced 
during the year. Algeria and Libya continue to be leaders in geophysical activity 
among the nations of Africa, accounting for more than half of the total work on 
the continent. Nigeria ranked third, followed by Mozambique and Senegal. A 
number of aeromagnetic surveys were made by the petroleum industry in Africa 
in 1959. Those reported are as follows: 2,350 line-miles in South Africa, 6,940 
line-miles in Southwest Africa, 17,000 line-miles in French Sahara, 1,100 line- 
miles in Angola, 5,809 line-miles in Belgian Congo, 8,000 line-miles in Morocco, 
10,000 line-miles in Spanish Sahara and 2,250 line-miles in Somaliland. In addi- 
tion an airborne radiation detection survey (975 line-miles) was carried out in 
Angola and an electromagnetic survey (1,240 line-miles) was made in Uganda. 

Geophysical contractors did 81 percent of the seismic work, 82 percent of the 
gravity work and all geophysical work of other types in Africa during 1959. 


Middle East 
Geophysical activity in the Middle East declined during 1959 as a result of 
reduced seismic and magnetic work. Gravity meter exploration was increased by 
a small amount. Greatest activity in geophysical exploration was in Iran and 
Turkey with an equal amount in each country. Oman and Iraq ranked third and 
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GEOPHYSICAL CREW-MONTHS IN THE MIDDLE East—1959 
Seismic Gravity Magnetic Other 
Total 
Co. Cont. Co. Cont. Co. Cont. Ca. Cont. 


Aden 

Dhofar 
Israel 

Iran 

Iraq 

Saudi Arabia 
Turkey (Asian) 
Syria 

Quatar 
Oman 
Lebanon 
Other 


Total 20 492 


fourth in activity among the Middle East countries. An airborne magnetometer 

survey of 8,000 line-miles was carried out in Turkey during the year. 
Contract companies did 87 percent of the seismic work, 92 percent of the 

gravity work and all the geophysical work by other methods in the Middle East 


during the year. 


Far East 
GEOPHYSICAL CREW-MONTHS IN Far East—1959 


Magnetic Other 


Total 
Co. Cont. Co. Cont. 


Br. Borneo 
Burma 
India 
Indonesia 
Japan 

New Guinea 
Pakistan 
Philippines 
Australia 
Formosa 
New Zealand 
Other 


60 


A slight decline in seismic work was more than offset by increased use of the 
gravity and magnetic methods in the countries of the Far East in 1959. As a 
result the over-all geophysical activity was greater than in 1958. India, Japan, 
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12 63 75 
31 31 
24 57 16 8 105 

20 20 
7 7 
39 34 12 85 
7 7 
1 1 

46 309 9 106 20 2 492 
Seismic Gravity 
Co. Cont. Co. Cont. 
46 58 58 162 
42 12 57 
11 58 9 25 4 107 
4 11 7 18 
16 50 26 2 94 
23 55 78 
23 3 26 
20 3 23 
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Pakistan and the Philippines were the scenes of greatest activity during the year. 

Crews of contract geophysical companies did 85 percent of the seismic work, 
94 percent of the gravity work and all the geophysical work of other types in the 
Far East during 1959. 


WESTERN HEMISPHERE 


South America 
GEOPHYSICAL CREW-MONTHS IN SOUTH AMERICA—1959 


Magnetic Other 


Seismic Gravity 
- - Total 
Co. Cont. Co. Cont. Co. Cont. Co. Cont. 


Argentina 

Bolivia : 20 
Brazil 59 
British Guiana 

Chile 

Colombia 

Paraguay 

Peru 

Venezuela 

Other 


Total 


Geophysical activity in the countries of South America during the year 1959 
was less than in the previous year but was considerably above the 1957 level. 
Seismic work declined from 876 crew-months in 1958 to 838 crew-months in 1959. 
Total gravity work amounted to 404 crew-months in 1958 and 321 crew-months 
in 1959. Argentina, with 302 crew-months, was the scene of greatest seismic ac- 
tivity during 1959. Brazil ranked second with 187 crew-months followed by 
Bolivia with 102 crew-months. Venezuela with only 73 crew-months seismic work 
in 1959 dropped from first place in activity, a position usually held by that 
country. In gravity meter exploration work Brazil was the leader with 130 crew- 
months, Bolivia was second with 64 crew-months, followed by Argentina with 
53 crew-months and Venezuela with 29 crew-months. Other countries in which a 
small amount of gravity work was reported are Chile, Colombia, Paraguay and 
Peru. Aeromagnetic surveys were carried out during the year in Argentina, 
Surinam and Venezuela. The work in Surinam amounted to 68,000 line-miles. 
In Venezuela 35,000 line-miles were reported and in Argentina 11,600 line-miles 
were flown covering an area of 6,500 square miles. 

Contract geophysical companies did 59 percent of seismic work in South 
America in 1959 compared to 61 percent the previous year. Geophysical con- 
tractors operated only 30 percent of the gravity crews in the countries of South 
America in 1959. All aeromagnetic work was done by contract companies. 
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Central America and the West Indies 


GEOPHYSICAL CREW-MONTHS IN CENTRAL AMERICA AND THE WEST INDIES—1959 


Seismic Gravity Magnetic Other 
Co. Cont. Co. Cont. Co. Cont. Co. Cont. 


Bahamas 

British Honduras 12 12 
Cuba 6 6 
Costa Rica 2 2 
Guatemala 27 2 29 
Panama 

Trinidad 6 6 


Other 


53 


Reports of geophysical activity in the countries of Central America and the 
West Indies during the year showed an increase in seismic work over the previ- 
ous year, and a marked decline in gravity surveys. The greatest activity in the 
area was in Guatemala where 27 crew-months seismic work and 2 crew-months 
gravity work were carried out. Seismic work was also done in British Honduras, 
Cuba, Costa Rica and Trinidad. All geophysical work reported in Central Amer- 
ica and the West Indies during 1959 was done by contract geophysical companies. 


NORTH AMERICA 


Mexico 


GEOPHYSICAL CREW-MONTHS IN MExico—1959 


Seismic Gravity Magnetic Other 
Total 
Co. Cont. Co. Cont. Co. Cont. Co. Cont. 


Mexico 


Total 


Geophysical exploration by the petroleum industry in Mexico has remained 
about constant for the past several years. Total activity during 1959 was 204 
crew-months seismic work and 60 crew-months gravity work. Geophysical con- 
tractors did 53 percent of the seismic work and 60 percent of the gravity work in 
Mexico during the year. 


Canada 


Geophysical activity by the petroleum industry in Canada during 1959 con- 
tinued the downward trend which was started in the fall of 1952. Seismic work 
declined from 1,065 crew-months in 1958 to 796 crew-months in 1959, a reduc- 
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GEOPHYSICAL CREW-MONTHS IN CANADA—1959 


Seismic Gravity Magnetic Other 

—— —— --- Total 

Co. Cont. Co. Cont. Co. Cont. 
Alberta 226 323 5 554 
Saskatchewan 54 34 1 89 
British Columbia 25 96 3 124 
N.W. Territories 1 29 2 5 37 
Manitoba 6 6 
Ontario 15 3 18 
Nova Scotia 2 6 1 9 
New Brunswick 4 


796 


Total 


tion of 25 percent. The total seismic effort in 1959 was only about half that of 
five years ago, 1954. Gravity exploration work was reduced to 41 crew-months 
during the year compared to 65 crew-months the previous year. Increased use of 
the aerial magnetometer in petroleum exploration was reported in 1959. A total 
of 66,625 line-miles were flown in aeromagnetic surveys during the year com- 
pared to 52,066 line-miles in 1958. Alberta continued to lead in seismic activity 
in 1959 with 549 crew-months followed by British Columbia with 121 crew- 
months, Saskatchewan with 88 crew-months and Northwest Territories with 30 
crew-months. No large concentration of gravity work was reported during the 
year. Ontario was the leader with 15 crew-months. Northwest Territories with 
7 crew-months, Nova Scotia with 6 crew-months, Alberta with 5 crew-months 
and New Brunswick with 4+ crew-months were the scenes of limited gravity 
activity. 

Monthly variations in seismograph and gravity meter crew-months in Canada 
for the years 1947 through 1959 are shown in Figure 3. As shown by the graph 
the greatest activity in seismic work in the year 1959 occurred during the months 
of January, February and March with a sharp reduction in April to 48 crews. 
Some crews were added during the following months but a decline to 43 crews in 
November brought Canadian seismic activity to its lowest point since 1948. 
Most of the gravity surveys reported in Canada during the year were carried 
out during the summer months. 

The greatest concentration of aerial magnetometer work by the petroleum 
industry in 1959 was in the province of British Columbia where 56,465 line-miles 
were reported. Other aeromagnetic surveys were carried out in Nova Scotia, 
4,500 line-miles; Alberta, 4,160 line-miles and Yukon, 1,500 line-miles. 

The 1959 reduction of seismic activity in Canada was borne almost entirely 
by the contract geophysical companies. Contract companies lost 261 crew-months 
out of a total reduction of 269 crew-months. Contract companies did only 58 
percent of the seismic work in 1959, compared to 70 percent in 1958 and 76 per- 
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CREW MONTHS 
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Fic. 3. Monthly variations in seismograph and gravimeter crew-months in Canada. 


cent in 1957. As in the past years contractors did all of the aeromagnetic work and 
95 percent of the gravity work in Canada during 1959. 


United States 


Recent years have been characterized by a downward trend in geophysical 
exploration by the petroleum industry in the United States. In 1959 a leveling 
off of activity was indicated. Total seismic work in the United States during the 
year was 5,097 crew-months, an increase of 33 crew-months over the previous 
year. Gravity meter exploration continued to decline and ground magnetic work 
was slightly less than in 1958. Aeromagnetic work was reduced from 121,396 
line-miles in 1958 to 64,639 line-miles in 1959, a reduction of 46.7 percent. The 
decline in gravity and magnetic surveys, however, is not considered to be indica- 
tive of a continued downward trend in U. S. geophysical activity. 

Figure 4 shows the monthly variations in seismic and gravity crew-months 
since 1944. Use of the seismograph was increased in the early part of 1959 after a 
low of 395 crews was reached in November 1958. The peak of the year’s activity, 
440 crews, was reached at mid-year. The low point in seismic activity again oc- 
curred in November when 397 crews were employed. An average of 46 gravity 
crews was in operation during the year, the range being from a low of 41 crews 
at the beginning of the year to 53 crews in late summer. Ground magnetic work 
declined from 55 crew-months in 1958 to 51 crew-months in 1959. A total of 


: 
4G 
160} + + + + + + + + + 
150 
a 
40} + + + + + ise 
< 
100 
fe) 

& ¢ 
: 

| 

3 
— 

2 


UNITED STATES 


CREW MONTHS 


Texas 
Louisiana 
New Mexico 
California 
Wyoming 
Colorado 
Montana 
Florida 

Utah 
Oklahoma 
North Dakota 
Mississippi 
Kansas 
Arkansas 
Arizona 
Alaska 
Alabama 
Other 


Total 
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GEOPHYSICAL CREW-MONTHs 1N U.S.A.—-1959 


Seismic Gravity Magnetic 


Co. Cont. 
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Fic. 4. Monthly variations in seismograph and gravimeter crew-months in the U.S.A. 
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64,639 line-miles were flown in airborne magnetometer surveys in 1959 covering 
85,750 square miles at an approximate cost of one-half million dollars. A break- 
down of 1959 aeromagnetic work, according to states, is as follows: Arizona, 
2,100 line-miles; California, 12,897 line-miles; Colorado, 3,400 line-miles; 
Georgia, 400 line-miles; Kentucky, 12,000 line-miles; Mississippi-Alabama, 
13,000 line-miles; Texas, 6,542 line-miles; Utah, 10,000 line-miles; and Wyoming, 
700 line-miles. 

Figure 5 shows the distribution of seismograph prospecting in the U.S.A. in 
1959. A slight reduction in seismic effort in Louisiana was offset by a correspond- 
ing gain in Texas so that the two states combined accounted for more than fifty 
percent of the total seismic work in the United States. Distribution of the work 
within the two states was about the same as in recent years. Some reduction in 
seismic work occurred in the Rocky Mountain states during the year but activity 
began to increase, particularly in Utah at the end of the year. Slight increases 
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Fic. 5. Distribution of seismograph prospecting in the U.S.A. in 1959. 
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were reported in the Midcontinent and Southeastern states and in California. 

The distribution of gravity exploration work in the U.S.A. in 1959 is shown 
in Figure 6. The Rocky Mountain states accounted for the greatest percentage 
of the total U. S. gravity work with 31.4 percent. Texas was second with 27.2 
percent and Louisiana third with 12.4 percent of the total. Gravity exploration 


Fic. 6. Distribution of gravimeter prospecting in the U.S.A. in 1959. 


work increased percentagewise in the Midcontinent and Southeastern states but 
declined in the Pacific Coast states. 

Figures 7 and 8 show by years the number of seismograph and gravimeter 
crew-months in the Gulf of Mexico off the coasts of Louisiana and Texas. Both 
seismic and gravity activity increased slightly in the Louisiana offshore area in 
1959 as compared to the previous year. Operations in the Gulf of Mexico off the 
Texas coast amounted to 12 crew-months seismic work and 12 crew-months 
gravity work during the year. 
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Fic. 7. Seismograph and gravimeter crew-months by years in the 
Louisiana portion of the Gulf of Mexico. 


Contract geophysical companies did 55.1 percent of the seismic work, 55.6 
percent of the gravity work and 31.4 percent of the ground magnetic work in the 
U.S.A. Corresponding figures for the previous year were 53.5 percent of the 
seismic work, 50.3 percent of the gravity work and 34.6 percent of the ground 
magnetic work. All airborne surveys in the United States were carried out by 
contracting companies. 


THE MINING INDUSTRY 


Geophysical activity by the mining industry, as in the past, is presented in 
this report in manpower utilization expressed in professional man-months and 
in expenditures expressed in U. S. dollars. The manpower statistics include only 
professional employees who have college training or its equivalent in experience, 
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Fic. 8. Seismograph and gravimeter crew-months by years in 
the Texas portion of the Gulf of Mexico. 


and who occupy professional or technical jobs. The utilization of professional 
manpower by the mining industry has increased and total expenditures have 
decreased in each of the past four years. The average number of professional 
people employed in mining geophysics increased from 796 in 1958 to 885 in 1959. 
Expenditures decreased from $9,901,000 in 1958 to $9,474,000 in 1959. 

Figure 9 shows a breakdown of activity in mining geophysics according to 
the major areas of the world. In Figure 9 and Figure 10 to follow the bars at the 
left show the professional manpower utilized measured in man-months and the 
adjoining bars on the right show expenditures in U. S. dollars. The work carried 
out by governmental agencies is shown by slanted hachures. The portion of the 
work of private companies is subdivided according to that done by company- 
owned crews, shown in solid form and by contract crews, shown by vertical 
hachures. Geophysical exploration by the mining industry continued at a high 
level in the countries of Asia during 1959. The total effort in Asia, however, was 
below that of the previous year in both manpower utilization and expenditures. 
The average number of professional people engaged in mining geophysics in 
Asia declined from 319 in 1958 to 292 in 1959, while expenditures were reduced 
from $1,867,000 in 1958 to $1,657,000 in 1959. Government-sponsored surveys 
in Asia accounted for use of slightly more than half the professional personnel 
but accounted for less than half of the expenditures. Activity in mining geo- 
physics was again high in Europe during the year. An increase in manpower uti- 
lization in Europe was reported as compared to the previous year but expendi- 
tures were reduced. The major portion of work reported in Europe was done by 


= 
70 | | 70 __70 
| 
60 | | | | 60 : 
| | 
40 | 3e| | 
| | | | 
| | ‘mee | oa 
30 } | | | } | | 
| 26 
| | | | | i | 
nes 
? 
; 
| 
| 


1116 HOMER G. PATRICK 


3.809 PROFESSIONAL MAN MONTHS 
| TOTAL 10,616 3,200,000 
| GOVERNMENT ENTERPRISE 4,30! 
COMPANY 2,638 
PRIVATE ENTERPRISE 6,315 {contract 3.677 
2,800 2,000,000 
EXPENDITURES 
EUROPE TOTAL $9,474,396 
GOVERNMENT ENTERPRISE $2,510,420 
2,400 [COMPANY $3,089,506 | | 2,400,000 
PRIVATE ENTERPRISE 6,963,976 CONTRACT $384,470 
o 
« 
2,000 2,000,000 
a 
2 UNITED 4 
STATES CANADA 
= 
2 HIN i AMERICA 
< i200 | | 1,200,000 > 
= | 
s00 —4 00,000 
| i | | 
lll 
| 
| 
t { i 
Fic. 9. Mining geophysics world-wide effort in 1959 by areas. 
PROFESSIONAL MAN MONTHS 
3,200 TOTAL 10,616 
GOVERNMENT ENTERPRISE 4,30 
PRIVATE ENTERPRISE 6,315 { 
EXPENDITURES 
TOTAL 9,474,396 
RESEARCH « 
& = 
2.000.000 
= RESISTIVITY & ° 
ALLIED METHODS 
600,000 
= 
ELECTRO 
MAGNETIC > 
4 | 
= | GRAVITY 1 
| : (am GROUND) | POTENTIAL | | 


Fic. 10. Mining geophysics world-wide effort in 1959 by methods. 


3 
— = - - — = 
ar 
; 
; 
age 


GEOPHYSICAL ACTIVITY IN 1959 1117 


private companies using, for the most part, the services of contractors. Decreased 
activity was reported in the United States in 1959. In Canada activity was in- 
creased as compared to the previous year. The employment of professional per- 
sonnel by the mining industry in Africa was substantially greater in 1959 than in 
1958, but expenditures in Africa were less in comparison to the previous year. In 
professional manpower utilization the major areas of the world ranked in de- 
creasing order as follows: (1) Asia, (2) Europe, (3) U.S.A., (4) Africa, (5) Canada, 
(6) South America, (7) Australia. Expenditures for mining geophysics in these 
areas ranked in decreasing order as follows: (1) Europe, (2) Asia, (3) Canada, 
(4) U.S.A., (5) Africa, (6) South America, (7) Australia. 

Figure 10 shows the 1959 activity in mining geophysics according to methods. 
The seismic method, which has gained favor in mining exploration in recent years, 
was among the methods most widely used in 1959. Magnetic methods continued 
to be among those favored by the industry as did resistivity and allied electrical 
methods. The average number of professional geophysicists employed in seismic 
work for the mining industry in 1959 was 128 compared to 150 in 1958. Expendi- 
tures for seismic work, however, increased from $1,666,000 in 1958 to $1,833,000 
in 1959. Expenditures for airborne magnetometer surveys during the year were 
only about half the 1958 expenditures, yet a larger number of professional people 
were employed in the work. Use of the electromagnetic method in 1959 was not 
up to the 1958 level in manpower utilized or expenditures. Fewer professional 
people were employed in ground magnetic surveys during 1959 than in the previ- 
ous year but expenditures for the method were greatly increased. The use of pro- 
fessional people in carrying out resistivity and allied electrical methods increased 
from 845 man-months in 1958 to 1,645 man-months in 1959, while expenditures 
were up from $476,000 in 1958 to $751,000 in 1959. Increased use of the gravity, 
geochemical and self-potential methods was reported during the year. Decreased 
activity in exploration by radioactive methods as compared to the previous year 
was reported for 1959. 

The use of geophysical exploration methods by the mining industry ranked in 
order of decreasing manpower utilization as follows: (1) Resistivity and allied 
electrical methods, (2) aeromagnetic, (3) seismic, (4) gravity, (5) electromag- 
netic, (6) ground magnetic, (7) radioactive, (8) geochemical, (9) other, (10) self- 
potential. The methods ranked in decreasing order of expenditures as follows: 
(1) seismic, (2) aeromagnetic, (3) electromagnetic, (4) ground magnetic, (5) re- 
sistivity and allied electrical methods, (6) gravity, (7) self-potential, (8) radioac- 
tive, (9) geochemical, (10) other. 

Exploration and research work in mining geophysics carried out by govern- 
mental agencies during 1959 accounted for 40.5 percent of the professional man- 
power utilized and 26.5 percent of the total expenditures. In the previous year 
65.5 percent of the professional geophysicists were employed in government- 
sponsored surveys, while expenditures for government-sponsored work in 1958 
accounted for 36.1 percent of the total. During 1959 privately owned companies 
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utilized 59.5 percent of the total professional manpower in mining geophysics 
and accounted for 73.5 percent of the expenditures. Contract geophysical com- 
panies supplied 58.2 percent of the professional personnel employed by private 
enterprise and accounted for 55.6 percent of the expenditures by private industry 
during the year. pm 

Geophysical research work was carried out by the mining industry during the 
year at about the 1958 level. The average number of research geophysicists em- 
ployed in 1959 was 260 compared to 263 in 1958. Research expenditures amounted 
to $1,626,000 in 1959 compared to $1,612,000 the previous year. The research 
effort in mining exploration was about equally divided between governmental 
agencies and private enterprise. 
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DEPARTMENTS 


DISCUSSION 


RECOMMENDED FORM FOR THE ACOUSTIC (CONTINUOUS- 
VELOCITY OR SONIC) LOG* 


M. B. WIDESSt 


At the annual meeting of the Southern Seismic Well Shooting Association 
held in Shreveport on April 4, a motion was passed recommending to SEG that 
the Society take steps toward formulation of a recommended standard form for 
the acoustic (continuous-velocity or sonic) log. 

The motion, initiated before the Association by the writer, was prompted by 
the following two considerations: 

1. API has set forth a recommended standard form for electrical and nuclear 
logs. Though these standards are also eminently suited to the acoustic log, the 
forms of acoustic logs in present use are frequently not compatible with the 
standards. 

2. The so-called corrected acoustic logs, prepared particularly for geophysical 
application, are not compatible with field acoustic logs when the former utilize 
linear velocity instead of linear time scales. In general, acoustic logs utilizing 
linear time scale are better adapted to analysis, a circumstance that argues 
against standardizing on linear velocity scale for the corrected acoustic logs. 


API STANDARDS 

The American Petroleum Institute, Division of Production, has issued the 
following two reports, both dated September, 1959: 

RP 31. Recommended Practice and Standard Form for Electrical Logs. 

RP 33. Recommended Practice and Standard Calibration and Form for 

Nuclear Logs. 
Both reports stipulate the following ‘standard log record”: 

1. All logs (electrical and nuclear) “should be printed on paper not over 
9 inches or less than 83 inches wide” (part of paragraphs 39 and 68 of RP 31 and 
RP 33 respectively). 

2. ‘The horizontal grids used for many years of 50 ft of depth per inch of 
paper with five divisions per inch (2 inches=100 ft) and 20 ft of depth per inch 
with ten divisions per inch (5 inches= 100 ft) are recommended as the standard 
practice” (part of paragraphs 40 and 69 of RP 31 and RP 33 respectively). 


* Received by the Editor May 6, 1960. 
+ Pan American Petroleum Corporation, Fort Worth, Texas. 
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3. “The industry has also generally accepted a reproduction of the 2-inch 
log, reduced to 3 size, for correlation purposes. Likewise, in some areas a 1-inch 
= 100 ft log is recorded directly” (paragraphs 53 and 73 of RP 31 and RP 33 
respectively). 


The standards set forth in the above reports are of course based on vast 
experience and take into account the fact that thousands of logs exist in com- 
pany files. Needless to say, uniformity of depth scale between acoustic logs and 
those of electrical and nuclear logs is essential to effective absorption of acoustic 
log data in the exploration effort, essential to the geophysicist as well as the 
geologist and production engineer. A standard width of log is also necessary. 
For example, log cabinets that house the thousands of half-scale electrical and 
nuclear logs should also be able to contain the half-scale acoustic logs. 


LINEAR “‘TRANSIT TIME”? SCALE ON CORRECTED ACOUSTIC LOGS 


The acoustic log obtained in the field is linear in ‘‘transit time’’ rather than 
in velocity and is subject to certain inaccuracies. The corrected acoustic log, 
devised by the geophysicists to provide the finished product for routine geophys- 
ical operations, accounts for check shot data obtained from the conventional well 
shooting survey and may also adjust for wash-out spikes. In addition, the present 
tendency is to express the corrected acoustic log in terms of linear velocity, the 
unit that is most familiar to the geophysicist. This inclination toward preparing 
corrected acoustic logs in terms of linear velocity while the field logs are in terms 
of linear “‘transit time” is unfortunate. The corrected acoustic log, no longer the 
original data alone, involves interpretation by the individual preparing that log, 
an interpretation that may depart significantly from the opinion of interpreters 
in other companies who receive the log in trade or sale. Since few geophysical 
departments are willing to accept without examination the interpretational 
opinion of other companies, there is considerable merit in having a corrected 
acoustic log in a form such that it can be easily compared with the field log to 
perceive and evaluate the nature of the corrections that were applied. The com- 
parison can be accomplished without great labor only if the corrected acoustic 
log has the same scales as the field log. It is therefore highly desirable to have a 
corrected acoustic log in linear ‘‘transit time” rather than in linear velocity. 

There is much more that may be said for linear ‘transit time” scale. Like 
reflection data in reflection surveys, acoustic log data consist of time measure- 
ments. Accordingly, again as in reflection surveying, maximum flexibility of 
handling the data and maximum capacity for evaluating the data as such are 
provided if time is retained as the working medium. This is indicated for ex- 
ample by the fact that when two receivers are used, the integral of the acoustic 
log cancels the effect of a wash-out much more effectively if the acoustic log is 
expressed in linear “transit time” than if it is expressed in linear velocity. And of 
course an error in instrumental calibration produces a fixed error in “transit 
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time” but not a fixed error in velocity. Furthermore, correction for check shot 
data is applied in terms of “transit time’’ not in terms of velocity. 

Advantages of linear time scale accumulate also for the corrected acoustic 
log. But first it would be well to dispel the misconception that reflection coeff- 
cients are more coherent on linear velocity scale. The equation for the reflection 
coefficient R, from an interface is 


R. = (V2 — Vi)/(V2 + Vi), (1) 


for vertical incidence and neglecting density change. Since V=&/t (where ¢ is 
the “transit time” over distance &), the equation becomes 


R. = — te)/(ti + te). (2) 


The symmétry between equations 1 and 2 shows that interfaces giving the same 
magnitude of reflection coefficients along the log are just as easily identified on a 
linear “transit time” scale as on a linear velocity scale! (a logarithmic scale, 
either in ‘transit time” or velocity, would of course be better in this regard than 
either a linear ‘transit time” or linear velocity scale). 

An important advantage of using a linear “transit time”’ scale on the cor- 
rected acoustic log stems from the adaptation of the log to computing synthetic 
reflections. In digitizing the acoustic log, it is of course essential that the reflection 
time be conserved. Since the length of the acoustic log utilizes a depth (D) scale, 
one-way reflection time 7 is simply 


fa V)dD, (3) 
which is 


T 


ll 


(1 f ap, (4) 


so that an increment AT of reflection time is 
AT=& (1/k)tAD. (5) 


Thus, to retain correct reflection time, the digitized value of the ‘transit time” 
tis simply the mean ‘‘transit time’’ over the depth interval AD. The relation is of 
course the basis for the integrated time that is recorded on acoustic logs in gen- 
eral. 


' Though equations 1 and 2 are symmetric, the high velocity range of the acoustic log covers a 
greater proportion of a linear velocity scale than of a linear “transit time” scale, assuming that over- 
all ranges for both scales are comparable. In some cases this may be an advantage for the linear veloc- 
ity scale, but not enough to offset its disadvantages. An alternative is to include a second curve utiliz- 
ing a larger scale of linear “transit time” for the high velocity range. Incidentally, an advantage from 
linear velocity scale has also sometimes been suggested on the basis that porosity may be linearly re- 
lated to velocity. However present data indicates that porosity is no more, and possibly less, linear 
with velocity than with “transit time.” 
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Linear “transit time” scale is also better suited for handling reflection co- 
efficients. For example, for a thin layer of velocity V2 imbedded in a medium of 
velocity V;, the reflection coefficient R,’ is? 


4n V2—Vi/ 
tT VetVi\V2 


IIe 


where 6 is the thickness of the bed in ft and 7 is the predominant period of the 
recorded wavelet. The equation can then be expressed in the form 


2 — / 
t (V2(V2 + Vi) 

Now compare this equation with its equivalent expressed in terms of ‘‘transit 

time” ¢ (where V=/t), namely 


R/ = — t2)d]. (8) 
kr \ ty + ts 

The terms enclosed by the brackets constitute the area on the acoustic log asso- 
ciated with the thin bed for a linear velocity scale (equation 7) and a linear 
“transit time” scale (equation 8). In digitizing, the interfaces are often moved to 
accommodate the minimum increment of reflection time that is used. The terms 
enclosed by the braces indicate the degree of error that would result if the area 
on the acoustic log were to be used solely as the basis for the digitizing. Since, in 
the braced terms, velocity appears only in the denominator, while ‘‘transit 
time” appears both in the numerator and the denominator, the error introduced 
when linear velocity scale is used is considerably greater than when linear 
“transit time” scale is used.* Digitizing an acoustic log of course constitutes a 
smoothening of the original data. A linear ‘‘transit time’’ scale facilitates higher 
accuracy in the smoothening process. 


THE NEED FOR A BETTER LABEL FOR RECIPROCAL VELOCITY 


It is not surprising, albeit unfortunate, that the geophysicist has a tendency 
at present to favor linear velocity rather than reciprocal velocity on (corrected) 


2 Widess, M. B., 1957-1958, How thin is a thin bed: The Proceedings of the Geophysical Society 
of Tulsa, v. 5, p. 20, equation 4. A thin bed is defined here as one whose thickness is less than about 
one eighth of the wave length computed using the velocity of the bed. 

3 For example, let V2’ be the velocity used instead of V. to preserve the area while changing the 
position of the interfaces. If V2’/V2=0.9 and V2/V,;=1.5, R,’ as given by equation 7 is an error by 18 
percent. If linear “transit time’’ is used instead, the corresponding conditions are f2’/tz=1/0.9 and 
t/tz=1.5, and R,’ as given by equation 8 becomes in error by only 6 percent. 

These relations apply to the conventional.acoustic logs utilizing linear depth scale. If a linear re- 
flection-time scale is used instead, both a linear velocity scale and a linear “transit time’’ scale lead to 
the smaller magnitude of error in the above example. The acoustic log that is in many ways best for 
geophysical application is of course one that uses a linear reflection-time scale. But this is another 
topic, and in the same vein one may add that at present the best medium for the log is magnetic tape. 
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acoustic logs. ‘‘Velocity”’ is an integral part of his everyday language, while there 
is no suitable single word in the English language, nor any other language to the 
writer’s knowledge, that means reciprocal velocity. The history of science 
amply demonstrates that man cannot think comprehensively in terms of a par- 
ticular concept until a label is applied to that concept. Should a succinct and 
catchy label for reciprocal velocity have already been in existence, it is likely that 
the term would have been in common usage among geophysicists even before the 
advent of acoustic logging. An analogy occurs for example in “frequency” 
(cycles per second) and its reciprocal, “period.” Science could hardly get along 
without both these terms. 

The writer does not believe that ‘transit time” is an adequate label for recip- 
rocal velocity (and it probably was not intended to be that by its present users) 
because it implies time through a specific zone rather than an intrinsic property 
of the material within the zone. Perhaps ‘‘time-modulus” (or its abbreviation 
“timemod’’) would be more appropriate, even though the unit is not time 
alone. The terms ‘‘time constant” and “time decrement” occur in the technical 
vocabulary, but not “time modulus.” 

The basic unit of reciprocal velocity in the English system is of course “‘sec- 
onds per foot.”’ The fact that this leads to magnitudes of microsec/ft for seismic 
velocities does not need to pose a problem since the same numerical value also 
applies to millisec/thousand ft, a unit that is well suited to geophysical applica- 
tions. 
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ELECTRICAL PROSPECTING 


U.S. No. 2,929,984. M. Puranen, A. A. Kahma, and V. Ronka. Iss. 3/22/60. Appl. 1/12/56. Assign. 

Canadian Airborne Geophysics Ltd. 

Method and Apparatus for Qualitative Electromagnetic Surveying. An airborne electromagnetic 
prospecting system having on the airplane a primary coil excited at two frequencies and two tuned 
coils to pick up the respective frequencies, the quadrature component of the picked-up signal from 
each coil being recorded, 

U.S. No. 2,931,972. A. E. Tilley. Iss. 4/5/60. App. 7/24/56. Assign. California Research Corp. 

Apparatus for Resistivity Surveying of the Earth. A four-electrode resistivity prospecting system 
in which the potential electrodes are alternately connected to the measuring circuit and to an earth- 


current compensating circuit, each circuit being automatically adjusted by a servo-system that 
synchronously balances the measuring potentiometer and the compensating potentiomter. 


U. S. No. 2,931,973. M. Puranen. Iss. 4/5/60. Appl. 10/24/57. Assign. Canadian Airborne Geo- 
physics Ltd. 

Electromagnetic Exploration Method. A method of airborne electromagnetic prospecting using 
horizontal and vertical exciting coils that are alternately energized for short intervals with a-c, and 
having two receiving coils at right angles in a towed bird, the difference in the picked-up signals 
being recorded. 


GRAVIMETRIC PROSPECTING 
U.S. No. 2,926,842. H. A. Ackerman. Iss. 3/1/60. App. 3/27/57. Assign. Socony Mobil Oil Co., Inc. 


Apparatus for Determining Horizontal and Vertical Gradients of Gravity. A geometrical device 
for the mechanical determination of the vertical and horizontal gradients of gravity from gravity 
meter readings taken at three stations from 50 to 100 ft apart and at least one of which is at a dif- 
ferent elevation from the others. 

U. S. No. 2,928,667. R. H. Peterson. Iss. 3/15/60. App. 8/24/53. Assign. Radio Corporation of 

America. 

Gravitational or Accelerational Responsive Device. A device for stabilizing a gimbal-mounted plat- 
form and having two revolving masses connected to an axially movable diaphragm that controls a 
shaft by means of levers, so that asymmetry of forces on the masses moves the shaft and the shaft 
motion is detected, analyzed as to phase, and delivered to orienting servo motors acting on the gimbal 
support. 

U. S. No. 2,930,138. L. J. B. LaCoste. Iss. 3/29/60. App. 6/16/55. Assign. LaCoste & Romberg. 


Leveling Device for Indicating Units. A self-leveling gimbal-suspended instrument having a 
mechanical damping brake that is periodically actuated and released by a motor and is connected in 
an indicating circuit so that the motor can be stopped with the brake on for transporting the instru- 
ment or off when reading the instrument. 


See also Patent 2,934,652 listed under WELL LOGGING. 


t Gulf Oil Corporation, Patent Department. 
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MAGNETIC PROSPECTING 
U.S. No. 2,928,044. R. Schulze. Iss. 3/8/60. App. 12/9/56 and 12/9/57. Assign. Askania-Werke 

A. G. 

Recording Magnetometer. A suspended-magnet optically recording type of magnetometer having 
an auxiliary compensating magnet that is suspended so as to turn about an axis parallel to that of 
the recording magnet, the auxiliary magnet having a high moment of inertia so that it can adjust it- 
self for recording slow magnetic changes but rapid magnetic pulsations are recorded without change 
in compensation. 

U.S. No. 2,929,018. R. H. Varian. Iss. 3/15/60. App. 5/11/54. Assign. Varian Associates. 

Gradiometer. A magnetic gradiometer having two magnetometers each of which has a magnetic 
core with two air gaps containing a gyromagnetic substance in the side arm of a magic T that de- 
termines the frequency of a microwave oscillator so that the difference of the two oscillator frequencies 
is a measure of the field strength, and the difference between the magnetometer indications is a meas- 


ure of the gradient. 


U.S. No. 2,929,019. J. ¥. Bryan and J. R. Patmore. Iss. 3/15/60. Appl. 12/14/55. Assign. Electronic 
Associates, Inc. 
Magnetic Field Detection. A magnetic curve follower having a magnetic core with a bifilar center- 
tapped winding whose ends are connected to silicon junction diodes and to a circuit for developing a 
d-c output indicative of the lateral displacement of the core from the curve. 


U.S. No. 2,930,974. O. C. From. Iss. 3/29/60. App. 8/1/57. Assign. International Telephone and 
Telegraph Corp. 
Magnetic Field Detecting Device. A mechanically indicating magnetic field detector for indicating 
operation of a totally enclosed electrical relay. 
U.S. No. 2,931,974. G. H. McLaughlin, H. A. Harvey, W. O. Cartier, and W. A. Robinson. Iss. 
4/5/60. App. 6/30/54. Assign. Crossland Licensing Corp. Ltd. 
Method of Geophysical Prospecting. A magnetic prospecting system in which time transients of 
the earth’s field are observed at different points throughout an area and compared to locate anomalies 
that are independent of time and caused by subterranean bodies. 


U.S. No. 2,933,059. S. B. Cohen, R. Scheib, Jr. and V. Vacquier. Iss. 4/19/60. App. 10/28/53. 

Assign. Sperry Rand Corp. 

Shipboard Degaussing System. A degaussing system in which the relationship of the ship and the 
earth’s magnetic field is reproduced by means of a-c excited coils producing fields representing the 
components of the earth’s field, the sysem being stabilized with respect to magnetic orientation, 
with pick-up detectors corresponding to the ship’s degaussing coils to detect variations in the a-c 
field as the ship’s attitude changes, and the detected signals used to control d-c generators connected 
to the degaussing coils. 

RADIOACTIVITY PROSPECTING 
U.S. No. 2,938,965. R. T. Bayard and T. J. Walker. Iss. 3/15/60. Appl. 10/27/54. Assign. Wes- 
tinghouse Electric Corp. 

Neutron Detector. A fast neutron detector having a number of elongated thermal neutron counters 
connected in parallel and inserted in holes in blocks of neutron moderating material. 


U.S. No. 2,929,932. G. M. B. Bouricius and G. K. Rusch. Iss. 3/22/60. App. 4/23/57. Assign. 
U.S.A. 


Radiation Measuring Devices. A neutron detector having an emitter from which neutrons emit 
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charged particles that are accelerated and alternately deflected to two collector plates by deflecting 
electrodes connected to a source of a-c, the resulting a-c between the collector plates being filtered 


and indicated. 
U.S. No. 2,932,741. A. S. McKay. Iss. 4/12/60. App. 2/28/57. Assign. Texaco Inc. 


Method of Tracing Fluid Streams. A tracing technique in which the tracer is introduced into one 
stream with a time pattern and into another stream with a different time pattern, and the tracer de- 
tected downstream and the streams identified by the observed time patterns. 


U.S. No. 2,933,923. S. W. Milochik. Iss. 4/26/60. App. 8/20/56. 

Method for Detecting Underground Radioactive Deposits. A thermal prospecting system in which 
holes are drilled about six ft deep in a specified pattern and the earth temeprature measured at the 
bottom of the holes. 

SEISMIC PROSPECTING 
U.S. No. 2,926,739. W. E. Shoemaker. Iss. 3/1/60. App. 1/20/55. Assign. California Research Corp. 

Apparatus for Controling Initiation of Seismic Disturbances. A remotely controlled shot firing 
system in which power is supplied to the detonator through an electronically controlled flash tube 
that is triggered by the recorder. 

U.S. No. 2,927,300. N. J. Smith. Iss. 3/1/60. Appl. 6/20/55. Assign. California Research Corp. 


Cancellation of Seismic Surface Noise. A system for cancelling the effect of transverse waves by 
combining with signals from a longitudinally polarized geophone, signals from one or more geophones 
sensitive to the rotational component of the transverse wave with appropriate phase shift. 


U.S. No. 2,928,070. E. M. Palmer, W. E. Wickerham, and R. D. Wyckoff. Iss. 3/8/60. App. 4/28/58. 

Assign. Gulf Research & Development Co. 

Amplitude Record Conversion Apparatus. An automatic device for making a multi-trace variable 
density record from a succession of variable-area recordings and in which a galvanometer light beam 
is controlled by a servocircuit to follow the contour of the v-a record and the galvanometer signal is 
amplified and used to operate a v-d lamp that records on a record rotating with the v-a record. 


U.S. No. 2,928,179. T. A. Garrity, Jr. Iss. 3/15/60. App. 9/24/57. Assign. The Pure Oil Co. 


Problem Solving Device. A mechanical computing device for determining the magnitude and di- 
rection of dip of a reflecting horizon from the observed seismic move-out times along two orthogonal 


lines. 
U.S. No. 2,928,489. E. G. Perry. Iss. 3/15/60. App. 4/13/55. Assign. Texas Instruments Inc. 


Seismic Record Viewer. A device for temporarily recording a filtered seismogram on a phosphores- 
cent drum by means of an optical oscillograph so that the record can be optically viewed for determin- 
ing optimum filter adjustments. 


U.S. No. 2,925,668. B. P. Blasingame. Iss. 3/15/60. App. 6/5/59. 


Accelerometer. An accelerometer having two reeds back to back and maintained in continuous 
vibration, acceleration along the axis of the reeds being determined by observing the change in the 
difference between the frequencies of the reeds. 


Apparatus for Impedance Measurements. An impedance measuring circuit for use with a capaci- 
tance transducer having two shunted condensers and two diodes in a balanced bridge circuit excited 
at two frequencies, and the difference frequency arising from unbalance of the condensers is fed by a 
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cable to a cathode follower whose signal is filtered and indicated by means of a synchronous rectifier, 
the output of the cathode follower also being used to control the potential on the cable sheath. 


U.S. No. 2,929,669. P. E. Madeley and F. W. Hefer. Iss. 3/22/60. App. 7/9/56. Assign. Dresser [n- 
dustries, Inc. 
Timing Line Numbering Apparatus. A system for counting magnetic timing impulses and photo- 
graphically putting on an oscillographic record the timing line count during the process of transcribing 
a magnetic seismogram into visual form. 


U.S. No. 2,929,986. ¥. M. Mayes. Iss. 3/22/60. App. 4/19/55. Assign. Sun Oil Co. 
Apparatus for Impedance Measurements. An impedance measuring circuit for use with a capaci- 
tance transducer in which two shunted condensers and two diodes in a bridge circuit are excited by a-c 


so that harmonics are generated which are detected by a cathode follower connected to a filter and 
synchronous rectifier whose output is indicated. 


U.S. No. 2,930,276. G. H. Smith and W. J. Mitchell. Iss. 3/29/60. App. 7/25/55. Assign. Union Car- 
bide Corp. 

Charging Blast Holes with Explosive. A method of loading a liquid oxygen type explosive into a 
shot hole by inserting a collapsed inflatable bag around a pipe into the hole, filling the annular space 
between the pipe and the bag with carbonaceous combustible material, and injecting liquid oxygen to 
the bottom of the hole through the pipe. 


U.S. No. 2,930,669. J. C. R. Kicklider. Iss. 3/29/60. App. 10/25/56. Assign. California Research 

Corp. 

Seismic Data Display. An oscillographic recording system using a reflecting galvanometer and 
multiple light sources arranged so that as the light beam from one source is deflected off the channel- 
ized track, the next light beam enters the track, and all parts of a large galvanometer deflections are 
successively recorded on a relatively narrow track. 


U.S. No. 2,932,001. V. T. Reynolds. Iss. 4/5/60. App. 2/14/57. 


Seismic Record Plotter. An apparatus for transcribing magnetically recorded seismograms into a 
visual record by simultaneously scanning the record tracks and rerecording by means of galvanom- 
eters, the scanning heads being displaced with respect to each other during the transcription to effect 
time-varying corrections. 


U.S. No. 2,932,002. M. Keiser. Iss. 4/5/60. App. 4/23/53 and 7/22/57. Assign. U.S.A. 


Acoustic Position Finder. A sound ranging system whose microphones are connected to magnetic 
recording heads recording on disks on a common shaft with the head circuits and circuits to separate 
erasing heads controlled by a common switch, and with the position of the magnetic reproducing head 
on each disk being adjustable so as to permit introduction of time delays for analysis purposes. 


U.S. No. 2,932,357. G. White. Iss. 4/12/60. App. 2/8/55. Assign. Texas Instruments Inc. 


Method and Apparatus for Recording Seismic Signals. A seismic prospecting system in which the 
seismometer signals are recorded through filter amplifiers with avec and the signal from at least one 
seismometer is recorded without filtering through a logarithmic compressor amplifier and also with 
filtering through a logarithmic compressor amplifier. 


U.S. No. 2,932,547. M. L. Swan. Iss. 4/12/60. App. 6/28/55. Assign. United Geophysical Corp. 


Seismic Wave Recording System. A system for producing coded timing lines on a magnetic or photo- 
graphic seismogram having an oscillator feeding a pulse generator that produces short-interval pulses 
of one polarity and larger pulses of opposite polarity at ten times longer interval, the two sets of 
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pulses being separately recorded on a magnetic record and recorded on a single track on a photographic 
record by means of a glow tube. 


U.S. No. 2,933,653. E. P. Carter. Iss. 4/19/60. App. 2/4/55. Assign. E. I. du Pont de Nemours and 
Co. 
Blasting Machine. A shot firing circuit having a transformer whose core has a rectangular hys- 
teresis loop and has three windings, application of d-c to the primary coil producing firing current in 
the secondary coil and a shot-moment signal in the tertiary coil. 


U.S. No. 2,933,715. W. Beuermann. Iss. 4/19/60. App. 4/21/56 and 4/19/57. Assign. Firma Seismos, 

G.m.b.H. 

Seismic Device. A seismometer having a hinged arm carrying a mass and connected to a canti 
lever spring and having at the end of the arm a coil moving in a pot magnet. 

U.S. No. 2,934,741. N. E. Gray and A. E. Tilley. Iss. 4/26/60. App. 1/16/56. Assign. California Re 
search Corp. 

Calibrated Automatic Gain Control for Seismic Amplifiers. A seismograph avc system having a 
reference signal with which the seismic signal is compared and the error signal used to control a servo- 
motor that adjusts a continually variable attenuator in the seismograph channel. 

See also Patents 2,927,656, 2,928,071 and 2,933,144 listed under WELL LOGGING; and Patents 
2,928,367, 2,931,566, 2,931,567 and 2,931,690 listed under MISCELLANEOUS. 


WELL LOGGING 
U.S. No. 2,927,301. S. E. Booth and E. H. Ward. Iss. 3/1/60. App. 7/2/53 and 6/8/54. Assign. The 
British Petroleum Co. Ltd. 


Measurement of Liquid Levels in Wells. A sonic fluid level measuring apparatus using a mechani- 
cally actuated rubber diaphragm as a low frequency source and a hot wire microphone as detector. 


U.S. No. 2,927,377. D. B. McMahan. Iss. 3/8/60. App. 6/6/57. Assign. Welex, Inc. 


Opening and Closing Device for Well Bore Caliper. A motor-driven hydromechanical device for 
retracting or releasing the arms of a caliper logging apparatus. 


U.S. No. 2,927,459. W. B. Farrington. Iss. 3/8/60. App. 7/18/57. Assign. Jersey Production Research 

Co. 

Measurement of Subsurface Stress. An apparatus for accurately measuring deformation of the 
borehole wall by having opposed plungers that are mechanically forced against the wall with a known 
stress and the extension of the plungers measured with the same stress when the hydrostatic pressure 
on the hole is changed. 


U.S. No. 2,927,656. F. J. Feagin, M. R. MacPhail, and W. M. Rust, Jr. Iss. 3/8/60. App. 8/28/53. 
Assign. Jersey Production Research Co. 


Method and A pparatus for Interpreting Geophysical Data. A system for correlating two well logs 
or seismograms in which the signals are recorded on a magnetic drum and reproduced with relative 
displacement by movable magnetic heads whose signals are electronically operated on to determine 
the value of a desired correlation criterion. 


U.S. No. 2,927,954. ¥. H. Ellsworth. Iss. 3/8/60. App. 9/27/56. Assign. United States Steel Corp. 


Shielded Oil Well Cable. A multi-conductor well-logging cable having a plastic shielding material 
around the conductors, the shielding material containing carbon particles to impart conductivity. 
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U.S. No. 2,928,038. R. H. Huddleston, Jr. Iss. 3/8/60. App. 10/5/56. Assign. Welex, Inc. 


Electromagnetic Well Logging System. An electromagnetic logging system having a primary coil 
excited at constant current and a secondary coil connected to a phase-sensitive synchronous detector 
whose d-c output is used to modulate a low frequency signal which is transmitted to the surface by an 
f-m transmission system. 


U.S. No. 2,928,039. R. H. Huddleston, Jr. Iss. 3/8/60. App. 10/5/56. Assign. Welex, Inc. 
Constant Electromagnetic Field Well Logging System. An electromagnetic logging system in which 


the exciting coil current also passes through a temperature-sensitive resistor in a bridge circuit and 
the bridge unbalance is used to control the a-c supply so as to keep the exciting current constant. 


U.S. No. 2,928,071. ¥. J. Feagin. M. R. MacPhail, and W. M. Rust, Jr. Iss. 3/8/60. App. 1/15/59. 
Assign. Jersey Production Research Co. 


Inter pretation of Geophysical Data. An apparatus for correlating well logs in which the logs are 
recorded on a magnetic drum, reproduced with relative displacement by movable magnetic heads 
whose signals are subtracted, squared, and integrated to determine the value of a correlation function 
for the displacement used. 


U.S. No. 2,929,244. G. J. Butterworth and S. W. Gurasich. Iss. 3/22/60. App. 10/2/51, 5/17/55, and 
7/19/55. Assign. Sperry-Sun Well Surveying Co. 
Self-Contained Flowmeter. A self-contained well flowmeter having an impeller whose rotations are 
counted and recorded as dots on an electrochemical recording medium driven by a clock. 


U.S. No. 2,929,863. R. H. Carlson. Iss. 3/22/60. App. 10/17/56. Assign. United States Steel Corp. 


Insulated Oil Well Cable. A well-logging cable whose conductors are insulated with a butadiene- 
styrene polymer. 


U.S. No. 2,930,137. J. J. Arps. Iss. 3/29/60. App. 8/4/54. 


Earth Borehole Crookedness Detection and Indication. A system for determining eccentricity of the 
drill collars in a borehole while drilling by having electrodes on the outside of the drill collar connected 
to an electric circuit that includes a solenoid valve for setting up pressure surges in the column of 
drilling fluid, the pressure surges being detected and recorded at the surface. 


U.S. No. 2,930,967. W. M. Laird and M. R. J. Wyllie. Iss. 3/29/60. App. 12/29/53. Assign. Gulf 
Research & Development Co. 


Method and Apparatus for Logging Drilling Fluid. A drilling fluid logging system in which an 
electrochemical ion-concentration emf is obtained for the circulating fluid entering the well and for 
fluid leaving the well, and the emf’s compared and recorded. 


U.S. No. 2,930,968. M. C. Ferre. Iss. 3/29/60. App. 5/31/56. Assign. Schlumberger Well Surveying 
Corp. 
Apparatus for Electrical Well Logging. An a-c electric logging system using auxiliary focusing 
electrodes whose current is controlled by a self-oscillating network of variable gain that also controls 
the gain of a feedback loop including the measuring electrodes. 


U.S. No. 2,930,969. J. S. Baker. Iss. 3/29/60. App. 5/16/56. Assign. Dresser Industries, Inc, 


Electrical Earth Borehole Logging A pparatus. An electric logging sonde having a central body por- 
tion surrounded by an inflatable sleeve of insulating material that carries electrodes on its outer sur- 
face, the lower end of the sleeve having a smaller opening than the upper end so that the sleeve ex- 
pands into contact with the Lurehole wall when it is pulled up the hole. 
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U.S. No. 2,931,225. F. W. Pleuger. Iss. 4/5/60. App. 8/24/54 and 8/23/55. 


Instrument for Indicating Oil Level, Ground Pressure and Temperature in an Oil Well. An electric 
pressure gauge having a tube with an axial resistance wire that is short circuited by mercury con- 
nected to a pressure bulb with the wire connected in a bridge circuit with a crossed-coil indicator. 


U.S. No. 2,931,440. M. P. Lebourg. Iss. 4/5/60. App. 3/15/56. Assign. Schlumberger Well Surveying 
Corp. 


Centralizing Means for Borehole A pparatus. A centalizer for a logging apparatus having three sub- 
stantially rigid arms one end of which is held by a screw that shears off if a tight spot is encountered. 


U.S. No. 2,931,455. R. J. Loofbourrow. Iss. 4/5/60. App. 4/22/50 and 3/29/56. Assign. Texaco Inc. 


Acoustic Logging of Wells. An acoustic logging system using recurring supersonic wave trains and 
two spaced receivers on the same side of the source, the received signals being amplified and a signal 
proportional to their time difference generated in the sonde and transmitted up the cable. 

U.S. No. 2,931,565. H. S. Flick. Iss. 4/5/60. App. 9/19/55. Assign. BJ Service, Inc. 

Differential Volume Computer. A computer for determining the volume of cement required for a 

casing cementing operation in which a caliper controls two ball and disk integrators that are initially 


set to the casing diameter and whose outputs are combined and actuate a counter that indicates the 
annular volume. 


U.S. No. 2,932,190. O. V. Phillips. Iss. 4/12/60. App. 10/18/54. Assign. The Star Recorder Corp. of 
Denver. 


Tension Apparatus for a Cable Used with Recording Apparatus for Earth Bore Drilling. A drilling- 
rate recorder having a cable to the traveling block of the drilling ring wound on an axially shiftable 
reel for selecting recording or free running, and having a clamp for locking the cable when the reel is 
shifted. 


U.S. No. 2,932,740. R. H. Widmyer. Iss. 4/12/60. App. 4/18/56. Assign. Texaco Inc. 


Borehole Fluid Mixing Apparatus. An apparatus for measuring a characteristic of well fluid hav- 
ing a series of baffle plates below the detecting instrument so as to agitate and mix the well fluid as it 
flows past the detector. 


U. S. No. 2,933,144. J. G. Scott, R. A. Freeman, and R. T. Houston. Iss. 4/19/60. App. 8/12/54. 
Assign. American Percussion Tool Co. 


Well Logging Method and Apparatus. A system of logging while drilling in which the drill is im- 
pacted at a constant frequency and signals from seismometers at different azimuths around the well 
are compared in phase with the source signal. 


U.S. No. 2,933,609. R. G. Norelius. Iss. 4/19/60. App. 5/11/54. Assign. Dresser Industries, Inc. 


Radioactivity Well Surveying. A logging system using a neutron source and two radiation detectors 
spaced different axial distances from the source and comparing the indications to distinguish forma- 
tion effects from those due to the invasion of borehole fluid into the formation. 


U.S. No. 2,933,674. N. A. Schuster. Iss. 4/19/60. App. 8/6/56. Assign. Schlumberger Well Surveying 
Corp. 
Well Logging Systems. An a-c electrical resistivity logging system using auxiliary focusing elec- 
trodes whose current is supplied by a variable-gain amplifier and measuring the phase angle between 
potential picked up at the potential electrodes and the energizing current. 
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U.S. No. 2,933,819. J. C. Kinley. Iss. 4/26/60. App. 6/12/52, 10/1/56, and 11/27/56. Assign. One- 
half to Myron M. Kinley. 

Internal Pipe Calipering Tools. A device for recording the minimum and the maximum radius 
inside a pipe by means of feelers in the form of levers hinged on the instrument and having two 
actuating surfaces that respectively contact a convex and a concave follower whose motion is me- 
chanically recorded on a chart. 


U.S. No. 2,933,820. R. A. Bobo and S. Hoch. Iss. 4/26/60. App. 11/23/56. Assign. Phillips Petroleum 
Co. 
Borehole Inclinomeler. An inclinometer having a pendulum that contacts an appropriate contact 
to complete a circuit to one of a number of ball-ejection devices, the balls being caught on the shale 
shaker and being of distinctive color to indicate the degree of inclination. 


U.S. No. 2,934,052. R. L. Caldwell, G. L. Hoehn, Jr., and T. W. Bonner. Iss. 4/26/60. App. 8/13/56. 
Assign. Socony Mobil Oil Co., Inc. 
Selected Scattered Gamma-Ray Density Logging. A gamma-gamma density logging system using 
a collimated beam of incident gamma rays and a collimated beam of detected gamma rays, the inter- 
section of the collimation directions occurring in the formation and the angle between them being the 
angle of Compton scattering for the energy band employed. 


U.S. No. 2,934,695. R. M. Maulsby. Iss. 4/26/60. App. 4/26/55. Assign. Dresser Industries, Inc. 


Means for Indicating Length of A pparatus-Sus pending Element in Earth Borehole. A cable length 
marker made by including an annular short-circuited conductor at predetermined points in the cable, 
the marker being detected by running the cable through a pair of coils whose impedance unbalance 
is indicated. 

U.S. No. 2,934,697. M. M. Hawthorne. Iss. 4/26/60. App. 4/12/55. Assign. Dresser Industries, Inc. 

Earth Well Tubing Anomaly Detector. A magnetic pipe-joint detector having an axial bar magnet 
with disk-shaped pole pieces at each end and an intermediate annular pole piece radially spaced from 
the magnet and with an electron-beam type magnetic pick-up tube between the magnet and the 
intermediate pole piece to detect distortion of the flux pattern. 

See also Patent 2,932,741 listed under RADIOACTIVITY PROSPECTING, and Patent 2,931,963 listed 
under MISCELLANEOUS. 


MISCELLANEOUS 
U.S. No. 2,928,177. S. W. Wilcox. Iss. 3/15/60. App. 5/29/53. Assign. Seismograph Service Corp. 
Mechanical Indicating and Plotting Device. A curve plotting device having a pair of rotatable arms 
connected by an endless tape on a frame with an adjustable slide that may be clamped to the tape. 
U.S. No. 2,928,178. S. W. Wilcox. Iss. 3/15/60. App. 5/29/53. Assign. Seismograph Service Corp. 


Mechanical Plotting and Measuring Apparatus. A device for drawing geometric curves and which 
can be used as a plotting unit for use with radio position determining apparatus of the hyperbolic 
phase type. 


U.S. No. 2,928,307. J. C. McCormick. Iss. 3/15/60. App. 8/31/53. 


Means for Regulating the Depth a Submarine Device Tows Through Water. A submarine tow having 
elevator fins that are mechanically controlled by bellows under air pressure from a pressure bellows 
mounted on a sled that rides on the floor of the body of water. 
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U.S. No. 2,929,060. B. W. Koeppel. Iss. 3/15/60. App. 3/20/57. Assign. Seismograph Service Corp. 

Radio Location System. A phase-comparison type of radio position-finding system in which the 
link station and the receiver have filtered avc circuits that prevent a strong signal from overriding 
a weak signal and producing erroneous phase meter indications. 


U.S. No. 2,930,037. D. G. Jones. Iss. 3/22/60. App. 3/20/57. Assign. Seismograph Service Corp. 

Ambiguity Resolution in Radio Location Systems. A phase-comparison type of radio position- 
finding system in which the outputs from the phase-comparison units operate a pointer on a lane- 
counting instrument, one such instrument providing a coarse count of the hyperbolic lanes and the 
other a fine count. 


U.S. No. 2,931,566. R. M. Strassner. Iss. 4/5/60. App. 12/20/54. Assign. Consolidated Electrody- 
namics Corp. 

Apparatus for Reading the Amplitude of Visibly Recorded Curves. An oscillograph trace-reading 
system in which a galvanometer light beam transversely scans the record when triggered by a timing 
line, the transverse position of the trace being photoelectrically detected and the equivalent galva- 
nometer voltage digitalized and indicated. 


U.S. No. 2,931,567. E. M. Palmer. Iss. 4/5/60. App. 1/24/56. Assign. Gulf Research & Development 

Co. 

Apparatus for Controlling an Analog Computer. A system for adjusting an element of an analog 
computer by punching an analog of the required adjustment in an electrically non-conducting card, 
scanning the card and synchronously varying the adjustment of the computer element, both the 
scanning and the adjustment being stopped by a signal when the card-scanning device senses a 


perforation. 


U.S. No. 2,931,690. H. I. Chambers, A. W. Fischer, K. E. Sihvonen, and G. P. Wilson. Iss. 4/5/60. 

App. 6/21/56. Assign. Consolidated Electrodynamics Corp. 

Oscillograph Apparatus. A direct recording string galvanometer having a signal-carrying conduc- 
tor in a magnetic field so that the conductor moves transversely to motion of the recording medium 
and marks the medium by a potential applied between the conductor and a support for the medium, 
and with the conductor continuously vibrated longitudinally to keep it from sticking. 


U.S. No. 2,931,857. J. H. Hammond, Jr. and E. L. Chaffee. Iss. 4/5/60. App. 9/23/55. Assign. J. H. 
Hammond, Jr. 
Television Reconnaissance System. A system for transmitting ground observations from an air- 
plane in which a moving mirror immobilizes the image of the ground on a television camera tube 
during the scanning and transmission of the picture. 


U.S. No. 2,931,858. J. H. Hammond, Jr. and E. L. Chaffee. Iss. 4/5/60. App. 10/3/55. Assign. J. H. 
Hammond, Jr. 


Television Reconnaissance System. A system for transmitting observations of the ground from an 
airplane by means of a television camera having a moving shutter that keeps the image stationary 
on the tube while it is being transmitted to the ground. 


U.S. No. 2,931,963. G. P. Wilson. Iss. 4/5/60. App. 2/4/57. Assign. Bell & Howell Co. 


Linear Induction Motor Servosystem for Recording Oscillograph. A recorder having a stylus that is 
carried across the record medium by a linear induction motor system whose quadrature field is con- 
trolled by the difference between the signal and the position of the stylus. 
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U.S. No. 2,934,263. H. W. Patnode. Iss. 4/26/60. App. 12/27/56. Assign. Gulf Research & Develop- 
ment Co. 


Electromechanical Scanning Apparatus. A device for detecting alignments on a map drawn with 
conducing ink and having a pair of electrodes that are moved to scan the map and connected to a 
circuit that counts the number of times the electrode circuit is completed by a line on the map, the 
process being repeated with the map in various azimuthal orientations and the counts compared. 


SELECTED LIST OF U. S. PATENTS 
ISSUED DURING MARCH AND APRIL OF 1960 


Patent No. 


2,928 , 183 192 
2,928,278 200 
2,928, 281-282 16 
2,928 , 367" 360 
2,928 , 489" 352 
2,928,490 

2,928 ,602-603 

2,928 ,658 

2,928 ,667* 
2,928 , 

2,928 , 707-708 
2,928,709 

2,928,710 

2,928 ,901 

2,928 ,906-907 

2,928 ,908 


Patent No. Subject* 


2,927,462 148 
2,927,498 136 
2,927,501 416 
2,927,534 48 
2,927 484 
2,927, 524 
2,927 ,65 116, 352 
2,927, 7: 68 
2,927, 7: 68 
2,927,7 

2,927, 

2,927, 

2,927 

2,927, 

2,927 

2,927, 


Patent No. Subject* Subject* 


2,926,522 12,412 
2,926,528 412 
2',926, 603 48 
2,926,604-005 136 
2,926,607 136 
2,926,739 360 
2,926,842 180 
2,926,844 

2,926,852 

2,926,861 

2,926,898 

2,926,920 

2,926,982 

2,926,984 

2,927 , 163 

2,927 , 207 


2,927 ,209 
2,927,212 
2,927 ,227 
2,927 ,273 
2,927 , 284 
2,927 ,289 
2,927 ,290 
2,927 ,292 
2,927 , 3008 
2,927 , 301% 
2,927 , 304 
2,927 ,316-319 
2,927 ,320 
2,927,377" 
2,927 , 382 
2,927 ,457 
2,927 ,458 
2,927 ,459" 
2,927 ,460 


* A key to the subject classification system will be found in Geopuysics, v. 12, pp. 256-264 


(April, 1947). 


® Abstracted on preceding pages of this issue. 


428 
356 
408 
224 
316 
312 


16 


2,927 ,954* 
2,927 ,973-975 
2,927 ,976-978 
2,927 ,987 
2,928 ,038* 
2,928 ,039* 
2,928 ,044* 
2,928 ,068-069 
2,928 ,070* 
2,928 ,071* 
2,928,077 
2,928 ,078-079 
2,928 ,084 
2,928 ,085 
2,928 ,088-090 
Re. 24,797 
2,928,177" 
2,928, 178* 
2,928, 1798 


116, 352 
68, 224 

224 
16, 324 
16, 316 

316 

304 

352 

312, 352 
68, 352 


2,928 ,944 
2,928 ,965* 
2,928,971 
2,929,018" 
2,929 
2,929 ,020* 
2,929 
2,929 ,056 
2,929 
2,929 ,060* 
2,929 ,061 
2,929,242 
2,929,244" 
2,929 245 
2,929,246 
2,929 , 247-248 
2,929,249 
2,929 , 250 
2,929,294 


416 


is 196 40 308 

196 224 308 

324 484 196 
2 160 180 232 

ig 12 128 232 

13 428 128 360 i 

ibe. 288, 484 232 224 7s 

484 316 

360 16 

312 
316 

428 

ibe 44 140 

68 4,68 

496 148 

ike 428 288 

240 4 


1134 PATENTS 


Patent No. Subject* Patent No. Subject* Patent No. Subject* 


2,929, 553 16 2,930,969" 116 2,932,199 188 
2,929,571 324 2,930,970 168 2,932,251 136 
2,929 , 583-585 16 2,930,971-972 140 2,932,357 360 
2,929,612 80 2,930,973 228 2,932,391 308 
2,929,633 224 2,930,974" 232 2,932 449-450 68 
2,929 , 669% 368 2,930,982 68 2,932,472 16 
2,929,670 224 2,931 ,029-030 316 2,932,547" 360 
2,929, 863" 40 2,931,032 316 2,932,549 324 
2,929 ,877 484 2,931 ,037 316 2,932,697 224 
2,929,885 484 2,931,223 148 2,932,738 236, 308 
2,929,932 308 2,931,224 200 2,932,739 420 
2,929 16 2,931 , 225° 288,452,460  2,932,7408 304 
2,929 ,984* 132 2,931,288-229 288 2,932, 7419 308 
2,929 228 2,931, 266 416 2,932,743 196 
2,929 , 986" 360 2,931,440 116 2,932,776 160 
2,930,009 288 2,931,455" 8 2,932,777 484 
2,930,015 168 2,931 , 565° 44, 68 2,932,779 468 
2,930 ,016 188 2,931 , 352 2,932,797-798 308 
2,930 ,035 16 2,931 , 567% 68 2,932 ,807-808 288 
2,930 312 2,931,572 68, 224 2,932,812 68 
2,930,129 68, 444 68 2,932,967 428 
2,930,131 200 2,931,690 324 2,932 ,969 200 
2,930, 1378 116, 208,520 2,931,691 224 2,932,972 288 
2,930, 1388 180 2,931,740 224 2,933,008 444 
2,930,141 16, 68 2,931, 8574 16, 444 2,933 ,059* 232 
2,930,224-225 428 2,931,858 16, 444 2,933,144" 8, 208 
2,930,227 428 2,931, 864 224 2,933 , 242-244 68 
2,930,228 140 2,931,865 484 2 ,933 254-255 68 
2,930,231 148 2,931,899 224 2,933 , 267-268 16 
2 , 930 , 232 200 2,931,902 68 2,933 , 298-299 4, 68 
2,930, 236 288 2,931 ,905-907 308 2,933 , 302 428 
2,930 ;240 16 2,931 ,963* 324 2,933,317 196 
2,930,244 76 2,931,965 16 2,933 , 364 324 
2,930, 253 76 2,931,972" 124 2,933 , 387 428 
2,930,275 136 2,931 , 97> 132 2,933,555 224 
2,930 , 276" 136 2,931,974" 232 2,933,565 224 
2,930,278 444 2,931,994 288, 484 2,933,566 484 
2,930,279 416 2,932 ,001* 352 2,933 ,600 196 
2,930,525 68 2,932 ,002* 12 2,933,601 200 
2,930,540 224 2,932,017 68 2,933 ,606-608 308 
2,930,669" 360 2,932 ,020 316 2,933 ,609* 304 
2,930,685 136 2,932,021 312, 444 2,933,611 308 
2,930 , 844 312 2,932,022 312 2,933,653" 32 
2,930, 863 4 2,932 ,023 16, 312 2,933 , 665 428 
2,930,893 196 2,932 ,024-025 16 2,933,674" 116 
2,930,909 308 2,932,089 228 2,933,678 224 
2,930,911-913 484 2,932,154 468 2,933,706 428 
H 2,930,917 236 2,932,188 68 2,933,707 288 3 
2,930 ,9678 116 2,932,189 140 2,933,719 376 


2,930 , 968° 116 2,932, 1908 100 2,933,721 224 


Re 
if 
i 
Be 
| 
4 


Patent No. 


2,933,724 
2,933,725 
2,933 ,727-728 
2,933,730 
2,933,812 
2,933,819" 
2,933,820" 
2,933,821 
2,933,923" 
2,933,924 
2,933,925 


Subject* 


224 
316 
316 
316 


, 444 


PATENTS 


Patent No. 


2,934, 262 
2,934, 263" 
2,934, 267 
2,934, 268-269 * 
2,934,271 
2,934,273-274 | 


2,934,329 


2,934,610-612 
2,934, 646 
2,934,648 
2,934,651 


Subject* 
68 


Patent No. 


2,934,652 
2,934, 661 
2,934, 665 
2,934, 695" 
2,934 , 696 
2,934,697" 
2,934,706 
2,934, 728-729 
2,934, 7418 
2,934,743 
2,934, 756-757 


1135 


Subject* 
304 


E 
68 484 
16, 68 236 
68 40, 520 
68 68 228 
: 44 68 220 
a 180 484 288 
me 308 196 372 
148 308 444 
16 308 316 


REVIEWS 
REVIEWS COMMITTEE 


Carv H. Savit, Chairman, Western Geophysical Company of America, Los Angeles, California 
James AFFLECK, Gulf Research & Development Company, Pittsburgh, Pennsylvania 
WituiaM L. BasHam, Standard Oil Company of California, La Habra, California 

F. G. BLake, California Research Corporation, La Habra, California 

PrerrE L. GoupiL_aup, Continental Oil Company, Ponca City, Oklahoma 

RoLanp G. HENDERSON, U. S. Department of the Interior, Washington, D. C. 

HyMAN KaAvurMan, McGill University, Montreal, Canada 

NorMAn H. Ricker, The University of Oklahoma, Norman, Oklahoma 

Josuua L. Soske, Stanford University, Stanford, California 

S. H. Warp, University of California, Berkeley, California 

IstporE Z1ETz, U. S. Department of the Interior, Geophysics Branch, Washington, D. C. 


CONTENTS 
International Symposium on Electronic Distance-Measuring Techniques, C. A. Whitten and 


Erwin Schmid, By Roland G. Henderson 1136 
A Suggested Method for Measuring Tape Modulation Noise, J. J. Davidson, By Mark Holzman 1137 


Wave Propagation and Group Velocity, L. Brillouin, By Pierre L. Goupillaud... . 1138 
On the Propagation of Transient Elastic Waves, Shozaburo Nagumo, By C. Hewitt Dix. 1138 
Introduction to Geophysical Prospecting, Milton B. Dobrin, By Carl H. Savit 1139 
Mass Areal Seismic Surveying in the Carpathians, V. D. Zav’yalov, By Carl H. Savit 1141 
Inventions, Patents, and Their Management, Alf K. Berle and L. Sprague de Camp, By Carl H. 
Savit...... 1141 


Liéastro, By David A. Lowitz ; 1142 
The Theory of Space Time and Gravitation, V. Fock, By H. Kaufman... 1143 
Physical Geography, Arthur N. Strahler, By F. G. Blake 1145 


International Symposium on Electronic Distance-Measuring Techniques—Proceedings edited by 
C. A. Whitten and Erwin Schmid, Journal of Geophysical Research, Vol. 65, No. 2, 1960, pp. 
385-528. 


The proceedings of the symposium held in Washington, D. C , May 5-12, 1959, under tke 
auspices of the International Association of Geodesy, are reported in the first 144 pages of the Febru- 
ary 1960 issue of the Journal. Some of the papers, because of space limitations, appear in condensation 
or in abstract; others, because of previous publication, have been omitted. The material covered is 
concerned primarily with the theory, technical details, applications and error analyses of the various 
distance measuring systems in use or proposed for use either in geodetic work or in establishing hori- 
zontal control for mapping or geophysical operations. 

Since all the systems in one way or another involve the velocity of propagation of electromagnetic 
waves, quite appropriately the phenomena affecting such propagation are given ample consideration 
in many of the papers. To the extent that many employ phase comparison devices, these systems are 
alike in basic principle. The differences are in the type of carrier modulation, relative disposition of 
transmitter and receiver, and the manner in which phase information is displayed. 

Early developments culminated in the Geodimeter, an electro-optical system employing Kerr cell 
light modulation. The system easily attains first order accuracy, makes tape distance measurement 

' quite superfluous, and avoids the objectionable ground reflections of purely electronic systems. 
Limited range (intervisibility) and considerable weight are the more serious disadvantages. 

Seven papers are devoted to the Tellurometer, an all-electronic system introduced about three 
years ago. Although of somewhat lower accuracy than the long range type Geodimeter, the Tellurome- 
ter is lighter in weight, less expensive, and less susceptible to weather conditions. The uninitiated will 
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be disappointed to find no discussion of the theoretical aspects of this important system; nevertheless 
a few references are given. The system is undergoing extensive and intensive tests especially by those 
who plan to use it in undeveloped and inaccessible regions. 

Despite the advances in electronic distance measuring, the system of highest accuracy (1:10") 
is the optical Vaisala light interference comparator introduced some thirty years ago and reported in 
separate papers by W. A. Heiskanen and T. Honkasalo. The I.U.G.G. in 1954 and the U.N. Regional 
Cartographic Conference for Asia in 1955 recommended this system for certain standard base-line 
measurements. 

In addition to bringing the reader up to date on Shoran, Hiran, Loran, LoORAC, Decca and 
Raydist systems, the experimental results reported may be of assistance to those trying to decide 
on a suitable position fixing system. 

The least squares adjustment of trilateration nets, in general, employs the observation equation 
method rather than the condition equation method traditionally used in the adjustment of triangula- 
tion networks. 

Electronic distance measuring will play an important role in the future of geodesy. The proceed- 
ings therefore would seem to be essential reading for geodesists. Geophysicists, cartographers and also 
the layman will want to read them to keep abreast of the trends in electronic distance measuring 
systems. 

RoLanp G. HENDERSON 
United States Department of the Interior 
Washington, D. C. 


A Suggested Method for Measuring Tape Modulation Noise, J. J. Davidson, Journal of the Audio 
Engineering Society, Vol. 8, 1960, pp. 23-28. 


Modulation noise is defined as “noise which exists only in the presence of a signal and is a function 
of the instantaneous amplitude of the recorded signal” (Proc. .R.E., v. 41, pp. 508-512, 1953, and GEo- 
PHYSICS, v. 23, p. 928). In the case of magnetic tapes, its cause is generally attributed to the inhomo- 
geneous composition of the oxide coating. 

To measure modulation noise, the author proposes to record the same signal simultaneously on 
two magnetic tracks. The output of each track, then, will contain the signal plus noise, which of 
course is random, Subtracting one output from the other cancels the signals, leaving only the noise. 
With reasonable care, the noise aggregate will consist mainly of the modulation noise, the other com- 
ponents being lower by at least one order of magnitude. 

The remainder of the paper treats the difficulties associated with the above technique. The 
author states: “Anyone who has worked with the problem of cancelling two supposedly identical sig- 
nals can attest to the fact that, no matter how identical the signals are supposed to be, they never 
seem to be identical enough.” 

Inasmuch as the above technique has been proposed at various times for the purpose of rejecting 
the “singing” frequencies in offshore records, this reviewer believes it may be of interest to single out 
one of the critical factors discussed by the author and to present it in this more familiar context. 

To eliminate a singing frequency, f, we proceed as in the second paragraph above, remembering 
that, prior to mixing the outputs, one of the heads must be translated in time by r= }f* seconds. 
We will assume the two outputs to be identical in amplitude and phase, leaving only the error in 
translating the head, namely, Ar. We have, then, sin wt for one output and sin w(¢++-7+ Ar) for the 
other, After mixing, the residue, R, becomes R=(1—cos wAr) sin wf—(sin wAr) cos wi. Since for Ar 
sufficiently small, sin wAr>>(1—cos wAr), and since sin wAr=wAr approximately, we have (ignoring 
the sign) R=wAr cos wl. Assuming, now, that a rejection of 40 db (100:1) is required and that the sing- 
ing frequency is 32 cps, it is clear that the tolerable error in moving the head is only 50 microseconds. 
HOLzMAN 
Western Geophysical Company of America 
Los Angeles, California 
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Wave Propagation and Group Velocity, L. Brillouin, Academic Press, New York and London, 1960, 
xi+154 pp., $6.00. 

This book, written by the author of Wave Propagation in Periodic Structures, should interest the 
majority of theoretically minded geophysicists concerned with the various aspects of wave propaga- 
tion in media having dispersive or absorptive characteristics. 

The material contained in this book is rather old since, as mentioned in the author’s foreword, 
it is “a systematic presentation of [the] original papers which are rather difficult to find nowadays.” 
These papers were written by A. Sommerfeld and L. Brillouin over a period extending from 1914 to 
1936. The reviewer shares the author’s opinion, again expressed in the foreword, that this book 
“will be helpful to many readers and save them time and trouble, especially the trouble of recomput- 
ing and rediscovering many important features of the general theory.” 

No attempt will be made to abstract the book because it is felt that theoretical treatments of this 
kind should be viewed in their entirety to guard against the dangers inherent in the generalization 
of results acquired in a detailed investigation of a specific problem. The titles of the six chapters of this 
book supply adequate information concerning the specific investigations contained therein: I. Intro- 
duction; II. About the Propagation of Light in Dispersive Media by A. Sommerfeld; III. About the 
Propagation of Light in Dispersive Media by L. Brillouin; IV. Propagation of Electromagnetic Waves 
in Material Media; V. (Electromagnetic) Wave Propagation in a Dispersive Dielectric; and VI. 
Waves in Wave Guides and Other Examples. 

The primary interest of this book for practicing theoretical geophysicists lies, in the reviewer’s 
opinion, in its clear presentation of the application of advanced mathematical techniques of complex 
integration to the detailed investigation of signal propagation through dispersive and absorptive 
media. Saddle points integration is used repeatedly and an interesting comparison between it and the 
method of stationary phase is made at the end of chapter III. Numerous detailed discussions of the 
physical meaning associated with the results derived from the deformation of the path of integration 
constitute illuminating examples of the potentiality of the complex integration methods in the detailed 
investigation of physical problems, 

In addition, the important concepts of the various velocities which may be defined in the propa- 
gation of waves through material media are analyzed in great detail. Anyone interested in gaining a 
more precise understanding of the exact relationship and distinction between phase velocity, group 
velocity, signal velocity, and velocity of energy transport involved in the propagation of signals of 
limited duration through a material medium should make the effort required to understand this book. 
Other interesting information concerning forerunners and their characteristics will be gained at no 
extra cost. ‘ 

The reviewer has found several minor printing errors in the formulae. These errors may increase 
slightly the difficulty of following the analysis in its minute details, but none is serious enough to 
justify questioning the validity of the analysis and the serious reader should be able to make the 
necessary corrections. In view of the large number of complex formulae present in this book, it is felt 
that the author and publisher may be excused for these imperfections. 

Pierre L. GoupiLLaup 
Continental Oil Company 
Ponca City, Oklahoma 


On the Propagation of Transient Elastic Waves, Shozaburo Nagumo, Report No. 184, Geological 
Survey of Japan, Hisamoto-ché, Kawasaki-shi, Japan, 1960. 


This report of 50 pages is on the theory of 2-dimensional pulse problems. It is divided into 4 
chapters. It is a valuable paper in a rather long list of publications in this field starting with Lamb 
and continuing on to Nakano, Lapwood, Takeuchi and Kobayashi, Garvin, and de Hoop, to mention 
a few citations in the author’s list of 27 papers and books. 

The use of the Laplace transform (following Cagniard) and of the Fourier transform also (follow- 
ing Sneddon) gives an elegant organization to the theory. The simplicity that can be achieved by 
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this double transform method goes toward making the theory deductive. The only deductive gap 
that is still essential appears in the transition from the elasticity equations of motion in terms of dis- 
placements to the potential equations. No one doubts the validity of this transition, but it is not 
unique so, at a late stage in the work, an appeal to a “uniqueness theorem”’ is always necessary. 

The first chapter treats the surface source for the 2-dimensional half-space. Both the concentrated 
and extended sources are treated. Probably a reference to the work of Miller and Pursey (Proc. Roy. 
Soc. Lond. (A), 223, p. 521-541 (1954)) should have been included here. 

The second chapter treats the buried line-source problem. This is a discussion naturally associ- 
ated with that of chapter one. 

The third chapter treats the two semi-infinite fluids with the source in one side and a plane of 
separation. Included is a rather complete graphical presentation of numerical results with a discussion 
of the physical picture of the processes—a very valuable discussion for the physicist interested in 
getting a correct understanding of the processes. 

The fourth chapter treats a diffraction problem in an infinite fluid with a line source and a 
barrier strip. Here the mathematical result appears correct and the treatment very neat. However, 
the illustration (Figure 33) and the words that interpret the result appear to me to be only of partial 
validity. It appears to me that the diffraction must appear in what the author calls the “refraction 
region”’ and also in the “reflection region” (Figure 30). The “fronts” in question are hidden in equa- 
tions (4.23) and (4.25) in the expressions for 4 and f& and will emerge if a sufficient number of dif- 
ferentiations of the potentials are carried out. 

The author introduces the idea of an “incomplete reflection.”” One cannot doubt the validity of 
this analysis of the pulse field. The splitting of the pulse field by an inverse superposition process 
may he done in an infinitude of ways. The way used here assigns a basic reference position to the 
reflection from the complete plane. Perhaps this will be useful for the generalization of the theory to 
reflection from non-plane surfaces. 

There are a few minor misprints that will not be misleading to most readers. 

The paper is a clearly written account for geophysicists, physicists, and applied mathematicians. 
Workers interested in 2-dimensional models should find this work valuable. The simplicity and direct- 
ness of the treatment is not only beautiful—it is useful in that it suggests probably fruitful directions 
for generalizations that can bring our understanding closer to actual cases. 

C. Hewitt Dix 
California Institute of Technology 
Pasadena, California 


Introduction to Geophysical Prospecting, Milton B. Dobrin, McGraw-Hill Book Company, Inc., New 
York, 1960, ix+446 pp., $9.50. 


Originally published in 1952, this book now appears as a second edition with revised content. As 
stated in the preface to the second edition, the author has attempted to provide ‘‘a résumé . . . of recent 
advances in the various geophysical techniques along with references to the most useful and accessible 
papers.” He also states that “The chapters on seismic prospecting, particularly those on instrumen- 
tation and on reflection and refraction techniques, have been substantially enlarged to provide 
proper coverage of new developments.” In addition, there has been added a chapter on coordination 
of geology and geophysics. ‘fo accommodate the additional material, chapters on well logging, 
radio position locating, and geophysical research have been deleted. 

On the whole, the content of the review of the first edition published in Gropuysics (vol. 17, p. 
966-967, 1952) is applicable to the present edition. Changes in text material in the second edition 
have done little or nothing to change the tenor and emphasis of the book. A feeling of increased 
emphasis on seismograph techniques is, nevertheless, obtained largely by reason of the rearrangement 
of chapters in the second edition. 

The chapter entitled “Seismic Instruments and Seismic Surveys’ has been increased in length 
from 17 to 29 pages, the chapter entitled “The Seismic Refraction Method” has been increased from 
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28 to 36 pages, and the chapter entitled ‘““The Seismic Reflection Method” has been increased from 
40 to 43 pages. A detailed analysis of the changes discloses that 53 pages of text on air shooting (the 
Poulter method) have been eliminated from the reflection chapter, to be replaced by a }-page reference 
in the first-mentioned chapter. The remainder of the increase in the instruments and surveys chapter 
is represented by a moderate amount of text and a number of pictures dealing with magnetic tape 
recording apparatus. A short section on weight dropping has also been added. Pictures of seismometers 
have been replaced with those of newer instruments. On the other hand, the section on seismic opera- 
tions in water-covered areas has been slightly rewritten and has had added a full-page diagrammatical 
illustration of water operations which, unfortunately, is at least six years out of date. The description 
of marine seismic operations is, in essence, unchanged from the first edition and is descriptive of 
operations as they existed prior to 1949. All of the radical revisions in water operation that have taken 
place from 1950 to date have been completely ignored. 

The chapter on refraction shooting has been expanded through the addition of material on the 
broadside technique and through the elaboration of the delay-time method. 

Newly introduced in the chapter on reflection prospecting are record-section presentation systems 
and a small amount of material on pattern shooting. 

Chapters on methods other than seismic have been changed only slightly. It is satisfying, how- 
ever, to note that the question left hanging in the first edition of how the Worden gravimeter achieves 
its temperature compensation is answered in the second edition. 

By the addition of a chapter on interpretation and geologic coordination of reflection data, Dr. 
Dobrin has made a significant improvement in the text. It is to be hoped that his earnest, well-docu- 
mented plea for sensible cooperation between geologists and geophysicists in achieving their common 
goal will be heeded. Certainly all oil finders, particularly those in exploration management, should read 
and follow this chapter. 

Other than the addition of this significant chapter, the changes in the text between the first and 
second editions appear to be perfunctory. With respect to field operations and geophysical practice, 
the viewpoint expressed in those changes is parochial. Examples of new records and record sections 


to replace some of the older material or to illustrate new text material are almost all taken from 
western Canada. Total lack of familiarity with modern offshore operations is apparent in the lack of 
mention of pressure-sensitive detectors, buoyant cables and “L” spreads. From the text it would 
appear that the only problem facing the offshore seismologist is that of bubble pulses. This problem 
has, of course, long been solved. Of “singing,”’ ocean-bottom multiples, and other water-borne “noise” 


no mention is made. 

It appears that with respect to some of the newer techniques, the author has been content to 
rely upon advertising claims for an evaluation of methods and equipment. Such reliance is implicit in 
some discussions of instrumentation and is present on pages 119-120 in the discussion of one-receiver 
vs two-receiver velocity logging techniques. The author accepts at face value the contention that the 
two-receiver logs require fewer check shots to calibrate them than do the one-receiver logs. This con- 
tention has been amply disproved in the experience of at least one velocity surveying association. 

Revision of tables of numerical values in line with more recent data probably should have been 
undertaken. For example, the tabulation of rock velocities given in the book is still the one originally 
printed in Birch’s Handbook of Physical Constants, 1942. 

The high quality of the discussion of underlying physical principles presented in the original 
edition is retained and even augmented. As a text for teaching the general aspects and principles of 
geophysical exploration, Dr. Dobrin’s book retains its high worth. On the other hand, the lesser 
quality of the writing on field instrumentation and techniques noted by the reviewer of the first 
edition is accentuated in the second edition. 

H. Savit 
Western Geophysical Company of America 
Los Angeles, California 
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Mass Areal Seismic Surveying in the Carpathians, V. D. Zav’yalov, Petroleum Geology, Vol. 2, pp. 
1044-1050, 1958 (English edition published 1960). 


While this paper is principally concerned with a local surveying problem in Russia, it represents 
the first publication in English on the method of ‘mass areal seismic surveying.”’ From the discussion 
it appears that Russian geophysicists have adopted a saturation, spot-shooting technique for use in 
heavily broken up, high-dip areas. They apparently give up continuous profiling for saturation 
coverage of individual locations. By so doing they claim to have successfully mapped a number of 
complex areas. 

Among the advantages of the mass areal system is relative freedom of choice of surface areas to 
be worked. Thus, in mountainous areas the locations chosen for intensive coverage are the accessible 
flat spots. Disadvantages pointed out by the author are insufficient accuracy of dip determinations 
and some lost facility to distinguish spurious arrivals. Both of these difficulties presumably arise from 
lack of continuous coverage. The first of these difficulties is in part overcome by increasing the 
number of dip determinations made at each location. 

Carv H. Savit 
Western Geophysical Company of America 
Los Angeles, California 


Inventions, Patents, and Their Management, Alf K. Berle and L. Sprague de Camp, D. Van Nostrand 

Company, Inc., Princeton, New Jersey, 1959, ix+602 pp., $12.50. 

Berle and de Camp have written the present book as a complete updating and revision of their 
former work, Inventions and Their Management, published by International Textbook Company. 
Four editions of the original book appeared between 1937 and 1954. It might appear that the present 
work should more properly be considered a fifth edition of the original. Retitling as a new book 
may simply be attributable to the change in publisher. In any event, the differences between the pres- 
ent volume and its predecessors are quite extensive. Changes in patent law in the United States and 
elsewhere and availability of new cases and examples since 1954 have made extensive revision man- 
datory. 

Inventions, Patents, and Their Management examines the field of patents and, to a limited extent, 
the peripheral subjects of trademarks, copyrights, trade secrets, and unfair competition from the 
viewpoint of the independent inventor who seeks to exploit his inventions for maximum gain. In 532 
pages of text, Berle and de Camp call upon their extensive experience in inventor training and patent 
counselling to produce a comprehensive, readable treatise on the strategy and tactics of inventing 
and profiting from one’s invention. Both authors are primarily engineers and administrators, Berle 
having been graduated from M.I.T. and de Camp from CalTech. Legal aspects of patent management 


are, accordingly, treated largely from a layman’s viewpoint. General principles of law are laid out in 
considerable detail but in lay language. The reader is consistently advised to consult a competent 


lawyer when legal or contractual problems arise. 

In keeping with the aim of the book, which is to aid inventors in inventing and in exploiting 
their inventions, the chapters on patent prosecution are perfunctory. The inventor is cautioned to 
place the management of patent prosecution in the hands of a competent patent attorney. Enough 
material is, however, presented to enable the inventor to understand the process of prosecution. He is 
also urged not only to cooperate fully with his attorney by disclosing all important facts, but to keep 
himself continually aware of the course of prosecution so that he may fruitfully participate in it. 
The inventor is also given suggestions on how to decide whether or not his attorney is competent 
and conscientious. 

Examples of proper and improper management of inventions, good and bad patents, court 
decisions, nonpatentable but well-exploited inventions, etc., abound. If any one class of examples 
can be said to characterize the book, it is that class of examples which illustrates the financial reward 
which an inventor can reasonably expect to obtain from an invention. 
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Much time and effort of all the major industrial corporations of the United States could be 
saved if every independent inventor were required to read and understand this volume before being 
permitted to approach a company with a view to marketing his invention. Any inventor who has 
read and understood Inventions, Patents, and Their Management would be unlikely to fall into the 
nearly universal pitfalls of valuing his invention, whatever it is, at ‘‘one million dollars,” of being 
unwilling to disclose enough information to enable the prospective purchaser to understand and evalu- 
ate the invention, and of stating that he is the victim of a conspiracy to suppress a world-shaking 
advance. Clearly set forth in this book is a realistic appraisal of the relative contributions, risks, and 
values of the invention, the capitalization of its exploitation, and the marketing and sales organization 
required for commercial success. Unfortunately, the people who most need to read this book will 
probably conclude either that they already know more than the book contains or that the book is 
part of a universal conspiracy to deprive them of their “rights.” 

As is expected in a book which has passed through many editions and has been used for teaching, 
there are no readily discernible errors in the text. As a matter of fact, this reviewer noted that although 
one specific topic, the time limit for broadening claims by reissue, is expressly or indirectly stated from 
8 to 10 times in various places in the text, it is everywhere correct. Such consistency is evidence of 
very careful editing since the particular time limit involved has been twice changed in recent years. 

If criticism is to be leveled at the work, it must be by reason of a very common failing of experts. 
Although attempts are consistently made to avoid references to information not ordinarily in pos- 
session of the layman, nevertheless such references occur from time to time. In particular, technical 
patent terminology is rather freely used without adequate preamble. A 27-page glossary, which fol- 
lows the excellent bibliography, tends to ameliorate this defect. References to relatively obscure 
facets of income-tax law and rulings, however, cannot be cleared up by recourse to the glossary. 

Certainly every independent inventor should study this book carefully. People who have to deal 
with independent inventors or even with employee inventors in the course of their business activities 
should also be familiar with the book’s contents. Even a casual reader will find the book quite enter- 
taining and full of delectable tidbits of information. 

Cart H. Savit 
Western Geophysical Company of America 
Los Angeles, California 


Dielectric Constant and Electrical Resistivity of Natural-State Cores, G. V. Keller and P. H. Licastro, 
Geological Survey Bulletin No. 1052-H, U. S. Government Printing Office, Washington, D. C. 
(1959). 

Dielectric constant and resistivity data are presented for twenty-seven cores from the Morrison 
Formation in the Uravan mineral belt of the Colorado Plateau. The measurements were made over a 
frequency range of 50 to 30X 108 cps. The drilling was done with air and oil-base mud to preserve the 
original water characteristics as much as possible. 

In several cases large dispersion is evident in the data. The authors interpret this in terms of a 
distribution of relaxators using a Wagner-Yager' technique to evaluate several parameters in the 
equations! that describe the effect. In the example given, the data seem to fit this model fairly well. 

The effects of electrode polarization are ruled out by the authors mostly on the basis that the 
static dielectric constant estimated from the measurements is smaller than the value that generally 
results from this effect. It is probably a mistake to rule out the effects of electrode impedances com- 
pletely as, for example, very thin impurity layers on the electrode surface will appear as an apparent 
reduction in the polarization capacitance and, consequently, the core data will be perturbed at higher 
frequencies than one would expect from simple polarization effects. 

A good semi-quantitative argument is presented for the possibility of local charge accumulation, 


1 Wagner, K. W., Annalen der Physik, 40, 817 (1913). 
2 Yager, W. A., Physics, 7, 434 (1936). 
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due to salt filtering, causing the dielectric dispersion seen at low frequencies. This is probably a real 
effect in cores that contain clay minerals. The possibility of polarization effects at the rock-water inter- 
faces was not considered. Also unconsidered were the possibilities of high values of the static dielectric 
constant resulting from Maxwell-Wagner effects in a composite of conducting and non-conducting di- 
electric materials. 

Davip A. Lowitz 

Gulf Research & Development Company 

Harmarville, Pennsylvania 


The Theory of Space Time and Gravitation, V. Fock, translated from the Russian by N. Kemmer, 
Pergamon Press, New York, 1959, xviii+411 pp., $15.00. 


Students of relativity theory are well aware of Fock’s important contributions to the subject, but 
until the appearance of this book very little of his work was available in English. The present work 
consists of seven chapters, the first four of which constitute a graduate level text on the standard 
theory and the remaining chapters an account of the author’s contributions. Even in the classical 
material the author has something new to say on almost every topic. The prospective reader is warned 
that the book is not for the novice; some prior knowledge of the subject is assumed. The book will be 
only of indirect interest to the exploration geophysicist but can be strongly commended to theoretical 
physicists. 

H. KAUFMAN 
McGill University 
Montreal, Canada 


Physical Geography, Arthur N. Strahler, John Wiley & Sons, Inc., New York, 1960 (Second Edition), 
vii+534 pp., $7.50. 


An introductory college text on physical geography. Topic coverage is broad, descriptive, ex- 
planatory, and non-mathematical. The book is handsomely done, and copiously illustrated. The major 


subdivisions are, The Earth as a Globe, The Weather Elements, Climate and Soil, and Land Forms. 
The last subdivision occupies about half the book. 
F. G. BLAKE 
California Research Corporation 
La Habra, California 
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LETTERS TO THE EDITOR 
NON-TERRESTRIAL ORIGIN OF THE TEKTITES 


J. HOCHMAN AND JOHN A. O’KEEFE* 


In several recent papers the chemical constitution of the tektitest has been 
compared with that of terrestrial rocks, both igneous and sedimentary. The 
impression might be obtained from these papers that there are no systematic 
chemical differences between tektites and terrestrial rocks. In fact, however, 
there is a systematic tendency for the tektites to be deficient in volatile materials. 
Friedman has found that the gas content of tektites is less than 1 ppm. He also 
finds that the water content is lower than that of nearly all terrestrial materials, 
it is nearly always less than .02 percent. In the same way Mueller first pointed 
out that the alkalies are systematically low in the tektites as compared to the 
oxides of divalent metals. Loewinson-Lessing is stated to have found a systematic 
chemical difference depending both on the acidity coefficient and the ratio of 
monovalent to divalent oxides. 

The question of systematic chemical differences between the tektites and 
terrestrial rocks is important because of the possible light which it may shed on 
theories that the tektites have come from other bodies such as the Moon. To re- 
emphasize this point, the criterion worked out by Mueller has been used. Mueller 
employed the ratio 


FeO + MgO 


Na2,O + 


which we shall designate as m. Mueller pointed out that the ratio m served to 
distinguish the tektites from the igneous rocks. We found, in accordance with 
Loewinson-Lessing, that m discriminates more effectively if it is plotted as a 
function of silica. 

As source material for the terrestrial rock, Clarke’s (7) compilation was used. 
Figure 1 shows all analyses in Clarke except certain iron ores and dolomites 
having more than 25 percent FeO or MgO, and SiO, less than 60 percent. These 
rocks obviously have nothing to do with the tektites. In addition, eight igneous 
analyses with silica less than 60 percent and three sedimentary analyses fell off 
the plot at the top; the least value of m in this group was 4.84; the next was 5.7. 

The tektite analyses include all analyses from the paper of Barnes, and: there- 
fore include several new finds not available to Mueller or Loewinson-Lessing. 


* Theoretical Division, Goddard Space Flight, Center National Aeronatuics and Space Adminis- 
tration, Washington, D. C. 
{ A glassy rounded rock of uncertain but not volcanic origin. 
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In Figure 1, igneous rocks are plotted as black squares, sedimentary rocks 
as circles, and tektites as stars. 

It will be seen at once that there is a complete, clear separation between the 
tektites and the igneous rocks, with no overlap whatever. It appears that the 
tektites are not derived from terrestrial igneous rocks. 

There is some overlap between the tektites and the sedimentary rocks. Three 
out of twenty sedimentary analyses fall in the region of the tektites; however, 
the majority fall on low-silica side. This agrees with previous studies, which show 
that the majority of sedimentary rocks are shales. It appears that the tektites 
are not a fair sample of the sedimentary rocks. 

We conclude that the tektites are not a fair sample of terrestrial rocks; and 
in particular they are not derived from terrestrial igneous rocks. 

REFERENCES 
Barnes, V. E., 1939, University of Texas Publication, n. 3945, p. 475-565. 
Clarke, F. W., 1924, U. S. Geological Survey, Bull. n. 770. 
Friedman, I., 1958, Geochimica et cosmochimica acta, n. 14, p. 316-322. 
Loewinson-Lessing, 1935, Comptes Rendus (Doklady) Académee des Sciences de e’URSS (Akade- 

miga Nauk) n. ser. 3, p. 181-185. 

Mason, Brian, 1959, Nature, n. 183, p. 254. 

——— 1952, Principles of Geochemistry, New York, John Wiley. 
Mueller, F. P., 1915, Geological Magazine, Decade VI, n. 2, p. 206-211. 
Urey, H. C., and V. E. Barnes, 1958, n. 181, p. 1457-1458. 

——— 1959, Nature, n. 183, p. 1114. 
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SUMMATION OF AN INFINITE SERIES ARISING IN THE THEORY 
OF SUB-SURFACE ELECTRICAL MEASUREMENTS 


DR. H. KAUFMAN* 


In his work on sub-surface electrical measurements Buckner (1954) makes ex- 
tensive use of a series defined by: 
a A 2n 


ae? x+2n | | 


The purpose of this note is to: 


(a) derive a simple closed form for Ga(x), 

(b) obtain a recursion formula for this function, 

(c) remove the restriction that the material above and below the inter- 
mediate bed be of the same resistivity. 


The present derivation applies to any case where the electrode arrays inter- 
sect at right angles extensive horizontal beds (Buckner) or form traverses on a 
surface perpendicular to vertically dipping beds (Log n). 


(a) With A?= P, x/2=k, we have 


2G4(x) = R(k) 
Consider the series 
S(y) = | Py) <1 
n=l 1 — Py 
Py 
Then 
sovay = | Pz| <1, 
0 nal oi— Py 
so that 


* McGill University, Montreal, Quebec, Canada. 
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where B=1/P. 

The latter two expressions provide simple closed forms for R(k) (and hence 
Ga(x)). 

For example 
1 du 1 1 


n 
2 p—-1 2 1 — A? 


ifi 1 
Ga(2) =>— f dy = — 
2LA? 1— A? 


It is evident that the integrations can be explicitly carried out if & is a non- 
negative integer. This is also true if & is any rational number (>—1). Thus 
setting k= p/gq, and substituting y=0%, 

1 yPta—ldy 


so that the integrand is a rational function and can be integrated by partial 
fraction decomposition. 


(b) If kis replaced by k+1, we have 


(p 4)**1 
R(k + 1) -f du. 
8 


8 — 
-f 


G4(0) 


8 
= BR(k) -f (8 — 
8 


The latter integral exists for k> —1, and equals 1/(k+1). We thus obtain 
the recursion relation 


1 
R(k +1) = BR(k) —- —— 
) = BR(R) 


or equivalently 


| 
Py*dy 
R(k) = 5 (k> — 1) 
B-y 
p-1 & 
a 

ay 
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1 1 

Ga(x + 2) = (—) Ga(x) —— x>—2. 

A? 
This relation may be of use in computation, for if G(x) is computed for values of 
xin the range —2<*<0, it can be evaluated for any other x>0 (alternatively, 
if computed for 0<x<2, it can be found for any other x«>0 and for —2<x<0). 
(c) If the resistivities of the material above and below the intermediate bed 
are not the same, the basic series as given by Buckner (p. 301, equation (10)) is 

> ( 1)"A n Brtl 


n=O 2n(b a) +26 


which becomes, with b—a=1, and x=2(a+1)—3, 


B (—1)"A"B" 
+ B 
x x + 2n 
where 
po2+ pi ps + pe 


p=resistivity of intermediate bed 

pi=resistivity of material below this bed 
p3=resistivity of material above the bed. 

Replacing B by —C, 

x (-— 1)"A n Bn x (AC)" 


ant) & + 2K 


This is the same as the series for G4(x) with A? replaced by AC, and all the pre- 
ceding remarks apply to this less restrictive case. 

It may be noted that in a closely related paper, Log nm (1954, p. 747, equation 
(12)) replaces the G4(x) series (including the n=0 term) by an approximation 
involving the exponential: integral, 


Fi(—y) = -f 
y l 
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HORIZONTAL SURVEYING ACCURACY REQUIRED FOR GRAVITY 
METER PROJECTS 


F. IVANHOE* 


ABSTRACT 


The paper points out the limits in accuracy of gravity meter data in areas of steep regional gradi- 
ents due to errors in the locations of the gravity stations. A simple formula defines the minimum sur- 
veying requirements to obtain any desired accuracy in the gravity values. 


The horizontal position of a gravity station must be located with a basic 
accuracy that corresponds with the final gravity reliability required of the proj- 
ect. The effects of errors in station locations on the final gravity values are very 
commonly overlooked when planning gravity programs. The plotted positions 
of the stations must be very reliable to justify precise elevation surveys or terrain 
corrections. Any errors become critical when magnified by “residual” maps 
which emphasize anomalous data. 

It is essential that each step of the field survey be kept within realistic con- 
trol limits. It is obvious that the station position does not need to be as precise 
for a reconnaissance survey, with an acceptable accuracy of 1.0 milligal, as for a 
detail project where an accuracy of 0.05 milligal is desired. A review of the factors 
involved in station position vs desired gravity accuracy indicates that routine 
surveying procedures should be modified for many projects. 

The most critical factors in establishing the allowable margin of error for 
horizontal positions of gravity stations are: (1) The latitude correction and (2) 
the regional gravity gradient. The predictable latitude correction is usually of 
less importance since it varies only in the north-south direction and is always 
less than 1.3 milligals per mile. The latitude correction may either increase or de- 
crease the regional gravity gradient, depending on how the “‘regional”’ is oriented. 
The regional gradient may range from flat to very steep. The gravity map of the 
Los Angeles, California basin (McCullock, 1957) shows gradients ranging from 
less than 2.0 to more than 25.0 milligals per mile. In the case of the steeper 
gradients an error of location of only 200 ft (1/25 mile) results in an error of 1.0 
milligal, which would be very prominent on any residual map, and might be 
misinterpreted. 

A simple formula to determine the minimum location accuracy required for 
a gravity meter station is: 


Gravity Required (milligals) © 
Location Accuracy (miles) = — 
Regional Gravity + Latitude Correction ( mile) 


* Bakersfield, California. 
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Example: 


Survey Accuracy (miles) = — —— = 0.011 mile = 60 feet. 
mile 

The latitude corrections can be obtained from commonly available tables 
(Nettleton, 1940), but the regional gravity must either be obtained from existing 
reconnaissance gravity maps or be estimated. Steep gravity gradients should be 
anticipated near mountains with basement rocks, but are less common over 
broad sedimentary basins. Regional gravity maps, from any source, are great 
aids in establishing realistic surveying standards for detail surveys. 

It is apparent that in areas with steep gravity gradients and unfavorable 
terrain, it may be very difficult to locate the gravity stations with sufficient ac- 
curacy to justify highly detailed field or office techniques. Any attempt to make 
refined geological interpretations of gravity data in such cases may be unjustified 
and misleading. Undue emphasis should not be given to isolated gravity anoma- 
lies on residual maps in areas of steep gravity gradients until the accuracy of the 
station locations has been checked. 


REFERENCES 


Nettleton, L. L., 1940, Geophysical prospecting for oil: McGraw-Hill. 
McCulloch, T. H., 1957, Simple bouguer gravity and generalized geologic map of the northwestern 
part of the Los Angeles Basin, California: U.S.G.S. Map GP 149. 


ERRATA FOR “PLANE COMPRESSIONAL VOIGT WAVES” 


(Geopuysics v. 25, p. 483) 


Page 496, equation (39), left member should read a,,. 
Pages 488 and 489, equations (9) to (16), the symbol o (sigma) should be in bold 
type to indicate that it represents a Laplace transform. 
Page 502, equation (56), left member should read y,(r,s). 
FRANCIS COLLINS 
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Petroleum Co., 1606 N. Broad- 
way, Oklahoma City, Okla. 


Pacific Coast Section (3), luncheon 


($2.75) Rodger Young 

torium, Los Angeles. 

F. F. Lambrecht, pres. 

Nolan A. Webb, v-pres. S.D. 

Fred G. Knight, v-pres. N.D. 

Tom Slaven, secty.-treas., Western 
Geophysical Co. of America, 
523 W. 6th St., Los Angeles, 
Calif. 


Audi- 


Permian Basin Geophysical Soci- 
ety (7), Midland, Texas, Char- 
tered January 30, 1950, officers 
elected in December. Meetings: 
Monthly, 2nd Tuesday, 7:30 
p.M., Midland Women's Club. 

J. E. Clark, pres. 

E. E. Fickenger, /st v-pres. 

B. H. Hinton, 2nd v-pres. 

S. T. Mille , treas. 

L. M. Scofield, secty., Burton Ex- 
ploration Co. Inc., 4513 W. 
Storey, Midland, Texas. 


Raging Geophysical Society (22) 
Armstrong, pres. 

M. v-pres. 

J. R. Muir, secty.-treas., The Cali- 
fornia Standard Co., 1836 
Smith St., Regina, Saskatche- 
wan, Canada, 


Society of South Texas 


Edmonson, pres. 
b "Radeon v-pres. 
Donald W. Jones, secty.-treas., 
Sun Oil Co., 832 Milam Bldg., 
San Antonio, Texas. 


Southeastern Geophysical Society 


(13), New Orleans, La., char- 

tered April 1, 1954, officers elected 

in January. Meetings: Monthly, 

3rd Monday, noon luncheon 

($2.00), Monteleone Hotel. 

George Morgan, pres. 

J. T. McMaster, /st v-pres. 

D. R. Scheel, 2nd v-pres. 

©. J. Rauschenbach, secty.-treas., 
Continental Oil Co., 414 Caron- 
delet Bldg., New Orleans 12, 
La. 


Southwest Louisiana Geophysical 


Society (16), Lafayette, La., 

chartered January 4, 1956, offi- 

cers elected in December. 

Jack Wallner, pres. 

Walter Hurt, /st v-pres. 

Richard Hollenbaugh, 2nd v-pres. 

Ned Pratt, treas. 

Lucius Geer, secty., 
California, Box 
Lafayette, La. 


Union Oil of 
1224 OCS, 


Geophysical Society of Tulsa (1) 


Tulsa, Okla., chartered February 
2, 1948, officers elected in May. 
T. S. Green, pres. 

J. E. Hawkins, /st v-pres. 

K. S. Cressman, 2nd v-pres. 

B. L. Bass, secty., Geophysical 
Society of Tulsa, Texaco, Inc., 
P.O. Box 2420, Tulsa, Okla. 

Robert B. Fisher, treas. 


Utah Geophysical Society (17) 


L. D. Oster, pres. 

K. L. Cook, /st 2-pres. 

H. H. Nuttli, 2nd v-pres. 

D. J. O'Halloran, secty.-treas., 
Standard Oil of California, 
P. wl Box 1076, Salt Lake City, 
Uta 
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Asociacion Venezolana de Geofisica 
(20), Caracas, Venezuela, char- 
tered January 5, 1959, officers 
elected in March. 

E. J. Assiter, pres. 

D. W. Danz, /st v-pres. 

Gunther Fiedler, 2nd v-pres. 

Manuel Zegarra, secty., Asocia- 
cion Venezolana de Geofisica, 
Phillips Petroleum Co., Apar- 
tado 1031, Caracas, Venezuela. 

C. O. Hill, treas. 


STUDENT SOCIETIES 
AFFILIATED 
Colorado School of Mines Society of 
Student Geophysicists 
Joseph R. Anzman, secty. Depart- 


ment of Geophysics, Colorado 
School of Mines, Golden, Colo- 


rado. 
Meetings: Monthly, 2nd Monday, 
4:00 P.M. 


Geophysical Society of Saint Louis 
University 


of Science 


SEG is affiliated under Section E, Geology and 


Geography 
1515 Massachusetts Avenue 
Washington 5, D. C. 
Paul E. Klopsteg, President 
Paul A. Scherer, Treasurer 


Dael Wolfle, Executive Officer 


The American Association of Petroleum 


Geologists 


A Cooperative relationship 
Box 979 
Tulsa 1, Oklahoma 
L. G. Weeks, President 
A. H. Bell, Vice-President 


SOCIETY ROUND TABLE 


Norman J. Guinzy, secty. 410 
Vandalia, Collinsville, Illinois. 

Meetings: Monthly, 2nd Wednes- 
day 7:30 p.M., meeting only, 
Institute of Technology. 


SEG H +, Sead +i. 
Billie Gail Dopslauf, secty. 2121 
Hollister, Houston, Texas 


University of Toronto Geophysical 


ie 
B. R. Krause, secty. 502 Gilbert 
Ave., Apt. 107, Toronto, Ont., 
Canada 


University of Tulsa Student Geo- 
physical ety 
Fred D. Munzlinger, secty. De- 
partment of Geophysics, 600 
South College, Tulsa, Okla- 


homa. 
ae: Weekly, Thursday, 
4:00 p.m., Petroleum Science 
Bidg. 


SOCIETY AFFILIATIONS 


American Association for the Advancement 


Trans-Pecos Student Section 
El Paso, Texas 


Pennsylvania State University Geo- 
physical Society 
Wm. R. England, secty. College of 
Mineral University 
Park, 
Meetings: ro be announced. 


University of Utah Geophysical So- 
ciety 
James D. Morgan, secty. College 
of Mines and Mineral Indus- 
tries, Salt Lake City 1, Utah. 
Meetings: Moi:ithly, 1st Thursday 
Noon, Mines Building. Other 
special meetings to be an- 
nounced. 


A & M College of Texas Student 
Geophysical Society 
Edward C. Hanson III, secty. 
Geology and geophysics dept 
A & M College of Texas, Col- 
lege Station, Texas. 


J. M. Bruckshaw, President 


V. Baranov, Vice-President 


B. Baars, Secretary-Treasurer 
O. Koefoed, Editor 


L. Solaini, Past President 


National Research Council, Division of 
Earth Sciences 


SEG is a member society 
2101 Constitution Ave., N.W. 


Washington 25, D. C. 


John N. Adkins, Chairman 
Harry H. Hess, Past Chairman 
Edward B. Espenshade, Jr., Chairman-Desig- 


nate 


William R. Thurston, Executive Secretary 


Petroleum Exploration Society of Libya 


H. T. Morley, Secretary-Treasurer 


G. E. Murray, Editor 


G. S. Buchanan, Past President 
R. H. Dott, Executive Director 


European Association of Exploration 


Geophysicists 


Mutually affliated 
30, Carel Van Bylandtlaan 
The Hague, Netherlands 


Mutually A fidiated 


P. O. Box 900 
Tripoli, Libya 


R. E. Doan, President 

P. F. Burollet, /st Vice-President 
J. F. Rominger, 2nd Vice-President 
J. C. Wilson, Secretary 

P. Arni, Treasurer 

J. S. Cullison, Director 

R. S. M. Templeton, Director 
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MEMBERSHIP APPLICATIONS RECEIVED 


Applications for active membership have been received from the following candidates. This pub- 
lication does not constitute an election but places the names before the membership at large, in ac- 
cordance with Bylaws, Article III, Section 4. References are listed in parentheses following the names 
of each candidate. If any member has information bearing on the qualifications of these candidates 
he should send it to the president within thirty days. 


APPLICATIONS FOR ACTIVE MEMBERSHIP 


Arthur D. Bennett (J. D. Eisler, N. R. Sparks, C. C. Lash, Daniel Silverman) 

Kenneth A. Brown (R. A. Paulus, Frank Ittner, L. M. Scofield, B. C. Jones) 

Clyde S. Deal (R. L. Long, Rodalfo Martin, J. A. Long) 

Fred W. Hefer (L. B. McManis, L. W. Erath, Don Melton, S. Kaufman) 

James S. Russell-Redman (W. P. Oquilvie, R. K. Moyse, H. A. Winkler, Iain Marshall) 
Robert A. Wahnau (Sam L. Evans, M. E. Trostle, R. H. Wright, N. W. Mann) 

George F. Weis (Erle W. Gilbert, D. J. Shriner, R. J. Yuzbick) 


APPLICATIONS FOR TRANSFER TO ACTIVE MEMBERSHIP 


William Mac Ard (J. A. Standridge, E. J. Marti, C. V. Aderman, C. C. Zimmerman) 
Wayne D. Boyd (Homer Roberts, O. E. Prather, Richard Martin, Lee Davis) 

George S. Brownwell (J. B. Lovejoy, A. L. Barnes, Floyd Acklin, Jr., Wm. D. Boone) 
Wesley Eckley (J. T. Hartman, W. J. Taylor, Jr., R. C. Hilton, P. E. Deatherage) 
Bruce M. Ganek (J. W. Hoover, H. E. Stommel, R. B. Wilcoxin, H. F. Sagoci) 
Francis L. Hickey (C. J. Blundum, E. T. Cook, J. Hamilton) 

Glenn E. Hunter (W. T. Lea, J. M. Armstrong, E. L. Current, S. R. Lake) 

John Payson Lambe (George L. Robb, T. S. Green, A. Maxwell House) 

George W. Lewis (J. A. Standridge, A. F. Borello, E. S. Hastings, S. A. Spencer) 
Harold M. Meadow (F. A. Van Melle, T. E. Young, L. F. Schombel, D. Vander Stoep) 
James I. Mercier (Barry Koch, W. D. Cortright, E. A. Kiesler, Roberty Dyke) 
Thomas J. Miller (C. C. Zimmerman, H. W. McDonald, A. Klaveners, S. Weatherby) 
John Petrocco (R. E. Faudry, C. C. Sellers, C. B. Smith, H. C. Talley) 

Jack William Poe (K. A. Robertson, Robert Mills, E. G. Schempf, S. O. Patterson) 
Joe Louis Poindexter (Louis Poindexter, J. A. Trybig, J. R. Ording, V. D. Clark) 
James K. Riley Jr. (T. I. Harkins, C. P. Harkins, N. N. Zirbel) 

Richard J. Runge (N. A. Riley, F. G. Blake, A. E. Tilley, L. P. Stephenson) 

F. Augustus Seamans (O. B. Hocker, W. H. Gibson, Alton McClung, J. P. House) 
James Wm. Schneider (C. B. Smith, S. B. Stewart, C. C. Sellers) 

John A. Steacy (Albert P. Crosby, H. M. Rackets, Thomas Portwood, Jr., J. A. Long) 
Lester H. Stephens (A. P. Wendler, Glen Bader, S. R. Allen) 

Pieter Tackenberg (O. B. Manes, V. J. Hunzicker, H. M. Rackets, T. B. Portwood) 
Thomas R. B. Webb (E. B. Manchee, R. B. Oldaker, F. A. Hale, G. C. Alvey) 

John M. Willey (K. H. Waters, A. J. Oden, B. J. Sorells, J. H. Frasher) 

Enrique H. Yramatequi (E. B. Kasiske, R. G. Avenius, J. C. Peffer, P. P. Conrad) 
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ANNOUNCEMENTS 
ERRATA FOR “LESSONS IN SEISMIC COMPUTING” 


Reprints of the Errata for “Lessons in Seismic Computing” are available upon request from the 
Business Office, Box 1536, Tulsa 1, Oklahoma. 


TEXAS INSTRUMENTS CO-FOUNDER AND WIFE GIVE $1,250,000 TO M.LT. 
TO ESTABLISH EARTH SCIENCES SCHOLARSHIPS FOR 
SOUTHWEST STUDENTS 


A gift exceeding $1,250,000 by Mr. and Mrs. Eugene McDermott of Dallas, Texas, to the Massa- 
chusetts Institute of Technology for scholarships, was announced by Dr. Julius A. Stratton, President. 

The amount represents the market value of 6,000 shares of stock in Texas Instruments Incorpor- 
ated, which constituted the gift. It is the largest gift for scholarships ever received by M.LT. 

The scholarships will be awarded to students from Texas or other states of the Southwest, with 
preference given to those studying the earth sciences—geology, geophysics, meteorology, and oceanog- 
raphy—or allied fields. 

Dr. Stratton pointed out that it is especially appropriate that the McDermott Scholarships will 
give preference to earth sciences students since a new Earth Sciences building is to be built with funds 
given to the Institute by Mr. McDermott’s associate, Cecil H. Green, and Mrs. Green. Mr. Green, 
an alumnus of M.I.T. and a Member of the Corporation, was a co-founder and is a Director of Texas 
Instruments. 

Mr. McDermott is Chairman of the Executive Committee of Texas Instruments. Following 
graduation from Stevens Institute of Technology and a period during which he worked for Goodyear 
Rubber Company and Western Electric and received his Master of Arts degree in Physics at Columbia 
University, Mr. McDermott entered the oil exploration field in 1925, when he participated in the 
founding of Geophysical Research Corporation. Subsequently, in 1930, he co-founded Geophysical 
Service Inc., the company from which Texas Instruments evolved. 

Born in Brooklyn, New York, Mr. McDermott has resided in Texas for more than 30 years. His 
and his wife’s interest in education is evidenced by a number of associations. Mr. McDermott served 
as President of St. Mark’s School for Boys in Dallas from 1945 to 1955 and he continues as a member 
of its Board of Trustees. He is a co-founder and Trustee of the Graduate Research Center of Dallas, a 
member of the Executive Committee of the Board of Trustees of the Texas Research Foundation, a 
member of the Boards of Trustees of The Hockaday School and the Southwestern Medical Founda- 
tion, a member of the Visiting Committee of the Physics Department of M.I.T. and a member of the 
boards of numerous other civic and cultural institutions, such as the Dallas Art Museum, and the 
Dallas Theater Center. He is a past President of the Society of Exploration Geophysicists and is a 
member of a number of leading scientific societies. 


TENTH ANNUAL STUDENT COOPERATIVE PLAN 


Fifty-eight top-level earth scientists gathered in Dallas June 14-18 to take part in the orientation 
session which preceded the tenth annual Student Cooperative Plan, sponsored by Geophysical Service 
Inc., a Texas Instruments company. 

The group included representatives from seven major oil companies and nine universities and 
scientific research organizations. 

The GSI Student Cooperative Plan is a program begun in 1951 by GSI Honorary Board Chair- 
man Cecit H. GREEN and Dr. Ropert R. SHrock, head of the Department of Geology and Geo- 
physics at the Massachusetts Institute of Technology. 

Mr. Green said the plan was designed to give interested and qualified students, who are consider- 
ing petroleum exploration as a career, a chance to actually participate in all phases of exploration 
geophysics. 
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HONOR STUDENT RECEIVES CECIL GREEN GOLD MEDAL 


James R. HEAVENER (right), a native of Charleston, W. Va., was awarded the Cecil Green Gold 
Medal during the 86th Annual Commencement ceremonies at the Colorado School of Mines. Mr. 
Heavener is shown here with Dr. GREEN, who holds an honorary doctorate from the mineral engineer- 
ing college. Mr. Heavener, who was graduated with high honors (3.6 academic average out of a pos- 
sible 4.0), received a professional geophysical engineering degree. He began working for Geophysical 
Service, Inc., in June. 


Eighteen students representing sixteen universities participated this year. In all, 197 students 
from 53 colleges have taken part in the program. 

This year, in addition to talks given by oil company exploration, production and research person- 
nel, several sessions were devoted to oceanography, geochemistry, a discussion of the Mohole site 
location, meteorology and the role of the geosciences in solving problems associated with technology 
of the space age. 

Oil company and university faculty participants this year were: 

O. C. Clifford, Jr., and John P. Woods, Atlantic Refining Company; Sir Edward C. Bullard, Cam- 
bridge University; John W. Vanderwilt, Colorado School of Mines; R. W. Anderson, M. M. Backus, 
J. W. Brown, K. E. Burg, R. C. Dunlap, Jr., R. D. Everett, R. A. Geyer, Freeman Gilbert, R. J. 
Graebner, Cecil H. Green, B. A. Harris, Stanley Laster, N. W. Mann, C. M. Moore, Jr., P. M. Ralph, 
and M. K. Smith, Geophysical Service, Inc. 

Charles C. Mason, Humble Oil] & Refining Company; Jack Oliver, Lamont Geological Observa- 
tory; Robert M. Fano, Henry G. Houghton, Yuk-Wing Lee, Robert R. Shrock, and John W. Win- 
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chester, Massachusetts Institute of Technology; Walter H. Munk, Scripps Institution of Oceanog- 
raphy; F. A. Van Melle, Shell Development Company; Paul L. Lyons, Sinclair Oil & Gas Company; 
C. Ivan Alexander, C. D. McClure, Frank J. McDonal, Paul P. Reichertz, R. L. Sengbush, Nelson P. 
Stevens, Allen A. Stripling, George C. Wallick, and William C. Woolley, Socony Mobile Oil Company. 

Jack C. Kern, Standard Oil Company of Texas; D. J. Bratton, Gerhard Herzog, and D. T. Mc- 
Creary, Texaco, Inc.; Paul Weaver, Texas A & M; Willis Adcock, F. J. Agnich, F. A. Brock, Fred 
Bucy, Robert Foote, S. T. Harris, E. R. Kinsley, Chester W. Nimitz, Jr., George Sarrafian, Mark 
Sheperd, and Lawrence Strickland, Texas Instruments Incorporated; R. E. Jackson, Texas Women’s 
University; Athelstan Spilhaus, University of Minnesota; Columbus O’D. Iselin, and J. Brackett Her- 
sey, Woods Hole Oceanographic Institution. 


THREE NEW AIME LOCAL SECTIONS ORGANIZED 


The 36,000-member American Institute of Mining, Metallurgical, and Petroleum Engineers has 
announced the organization of three new Local Sections. These are the Carolinas Section, embracing 
both North Carolina and South Carolina, heretofore in the Southeast Section; Wisconsin Section, 
taking in 30 Wisconsin counties previously within the Chicago Section, and the Netherlands Section. 

The Institute now has 94 Local Sections in the United States and other countries. 


GEORGE BOYD WEBSTER CHAIR OF MINING ENGINEERING 
ESTABLISHED AT McGILL UNIVERSITY 


Establishment of the George Boyd Webster Chair of Mining Engineering at McGill University 
through the donation of $350,000 by G. B. Webster, Toronto mining engineer and financier, was an- 
nounced by Dr. F. Cyril James, principal and vice-chancellor on behalf of the Board of Governors. 

This donation by a McGill graduate will make possible, in this case, the return to Canada from 
the United States of an engineer and scientist with worldwide experience in geophysical methods of 
exploration. 

The first incumbent of the new chair will be Dr. L. P. Getpart of Palo Alto, California, a Cana- 
dian who received his early education at Mount Allison University. 

Dr. Geldart entered McGill for post-graduate training under Dr. J. Stuart Foster, gaining a Ph.D. 
in physics in 1940. He then studied meteorology at the University of Toronto. From 1942 to 1947 he 
was head of the physics department at Acadia University. From there he went to the California Insti- 
tute of Technology, where he obtained a professional engineering degree in geophysics. He spent 11} 
years with Standard Oil of California and later went with the California Exploration Company, in 
which he now has the status of chief geophysicist of the foreign department. 

The appointment of a man of such diversified training and experience will make possible, it was 
pointed out at McGill, an intensification and unification of the work of applied geophysics within the 
faculty of engineering. 

McGill pioneered in the application of geology and physics in the exploration of deep underlying 
ore bodies through the early work of the late Dean A. S. Eve, the late Dr. Horace Watson, and Dr. 
David A. Keys. 

This work is now being carried on jointly by the department of physics and geology. Application 
of knowledge in this field calls for a variety of disciplines, including not only geology and physics, but 
also mining, civil and mechanical engineering. 

Under the auspices of the new chair, it will be possible to extend the university’s scientific work 
and teaching in an area which has become of increasing importance to Canada through the wide- 
spread search for oil and mineral deposits, and their economic extraction and processing. 

The donor of the chair, which bears his name, was born in Brockville, Ont., and educated at the 
Brockville and Ottawa Collegiates before entering McGill where he graduated in mining engineering 
in 1904. 
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ASSOCIATE EpItoR APPOINTED 


Mr. Turner L. Kunkel of Texaco, Inc., in Houston has been appointed to the editorial staff of 
Geopuysics as the Associate Editor for Exploration Seismology. 


PROPOSED AMENDMENTS TO THE CONSTITUTION AND BYLAWS 
In accordance with Article XVIII of the SEG Constitution, the following amendments have 


been proposed by Frank Searcy, First Vice-President. Delete words in (parentheses) and add words 
in italics. 


ARTICLE VIII. CounciL 


Section 3. A (joint) meeting of the (outgoing and incoming) Council(s) shall be held at the call 
and under the chairmanship of the (outgoing) incoming president (during) immediately following the 
annual meeting of the society. At this (joint) meeting the Council(s) shall (hear) receive reports from 
all officers and committees and review the activities of the society for the past year. (With the advice 
of the outgoing Council,) The (incoming) Council (under the chairmanship of the incoming President) 
shall conduct any necessary business and issue instructions or recommendations to any officer or 
committee, subject to the provisions of the Constitution and Bylaws. All committee chairman and 
outgoing officers shall attend this meeting with the privilege to speak but not to vole. (but, as chairmen, 
shall have no vote.) 

In accordance with Article XVII of the Constitution, the following amendment to the Bylaws 
has been proposed by Nelson Steenland, Editor. 


ByLaws, ARTICLE I. PUBLICATIONS 


Delete Section 3 and renumber Sections 4, 5, and 6, respectively as 3, 4 and 5. 


F 


PERSONAL ITEMS 


Frep A. Brock and DonaALp P. VENKER have been named Manager and Customer Require- 
ments Manager, respectively, of the Geophysical products branch of the Texas Instruments Incor- 
porated Instrumentation product group at Houston. 

The appointments were announced by J. Fred Bucy, Manager of the Petroleum instrumentation 
department of TI’s Geosciences & Instrumentation division. 

Both men formerly were with TI’s oil exploration subsidiary, Geophysical Service Inc., and both 
in recent years have been engaged in the design and development of seismic instrumentation. 

Brock was chief research engineer for GSI prior to his new assignment. He has a Bachelor of 
Science degree in electrical engineering from Southern Methodist University and did post-graduate 
work at Harvard and Massachusetts Institute of Technology. 

Venker has a Bachelor of Science degree in geophysical engineering from St. Louis University, 
where he returned for post-graduate studies after several years as a computer and party chief with 
GSI. He has been with TI in Houston since 1957. 


Dr. C. H. G. OvpHaw has transferred to the La Habra Laboratory and has been appointed Senior 
Research Geophysicist in the Geophysics Research Section. 

Dr. Oldham studied at the University of Reading, England, and the University of Toronto. He 
joined the staff of the La Habra Laboratory in 1954, transferring in 1957 to the California Exploration 
Company where he was appointed Senior Gravity and Magnetic Analyst. 


S. H. Yuncvt has been appointed to the position of Senior Research Geophysicist in the Geo- 
physics Research Section, La Habra Laboratory. 

Mr. Yungul attended universities in Turkey, France and the United States. He accumulated a 
wide background of field experience as Chief Geophysicist for an agency of the Turkish Government 
before joining Cal Research in 1955. 


Joun M. Crawrorp has been promoted to a newly created position of Assistant Manager— 
Research and Development Department, Continental Oil Company. Mr. Crawford will be responsible 
for the activities of the Production, Exploration, and Central Research divisions. W. E. N. Doty has 
been promoted to Director, Exploration Research Division, replacing Mr. Crawford. 


C. M. Ferree, Assistant Regional Geophysicist, Continental Oil Co., Denver, was promoted to 
Headquarters Geophysicist—Operations Division, Geophysical Section, with headquarters in Ponca 
City, Oklahoma. 


GraHaM W. FENNER, Division Geophysicist, Ardmore Division of the Central Region, Continen- 
tal Oil Co., was promoted to the position of Assistant Regional Geophysicist, Rocky Mountain Region. 
He replaced Mr. Ferree. 


DanreEv H. SuLiivan, Geophysical Supervisor, Wichita Falls Division, Southwestern Region, 
Continental Oil Co., was promoted to Division Geophysicist, Ardmore Division, Central Region, re- 
placing Mr. Fenner. 


G.H. Swenumson who had been acting as Regional Geophysicist, Continental Oil Co., for the past 
year in the Southwestern Region, Fort Worth, was transferred to the position of Assistant to the 
Manager, Geophysical Section, Houston. 


GSI President R. C. DunLap, JR., said WiLL1AM Epwarp Dickson has been named to the post of 
supervisor in Madrid, where he will be responsible for the operations of GSI exploration field parties 
in the Spanish Sahara. Mr. Dickson was formerly in GSI’s London, England office. He has been with 
GSI since 1931. Prior to his London assignment, he was seismic operations supervisor in Canada. 
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Lewis SOLE, a twenty-five year veteran with GSI, will join the personnel department in Dallas as 
administrator for GSI field parties in the Eastern Hemisphere and Latin America. Sole joined GSI in 
1933 and has been a seismic party chief since 1950. 


Continental Oil Company’s Geophysical Department announces that: 
W. E. Ricuarpson, Development Geophysicist in the Equipment Division, has been transferred 
to the Oasis Oil Company of Libya; P. O. Boxes 317, 377, 561, Tripoli, Libya. 


H. H. Moopy, Superintendent of the Equipment Division, resigned June 30th to live in Pompano 
Beach, Florida. His address will be Box 2843, Hamilton Station. 


E. F. Brrpsa.L, formerly Assistant to the Manager in Houston, is now Staff Geophysicist, Foreign 
Department, and located at the following address: c/o S.A.P., Boite Postale 203, Dakar, Senegal, 
French West Africa. 


SEGUNDO G. ARGUDO is now at Colorado School of Mines, Golden, Colorado, pursuing an ad- 
vanced degree in Geophysics. He was formerly with Standard Oil Company of California, with assign- 
ment in Havana, Cuba. His new address: 1614 Iris Street, Denver 15, Colorado. 


Lucius C. Greer, formerly the geophysicist for Union’s Southwest Louisiana District in Lafay- 
ette, Louisiana, has been transferred to the Corpus Christi Area office as Assistant District Geologist 
in charge. 


CALVIN Spivey, with Petty Geophysical Company, has been transferred to Australia as area 
manager. 


H. B. Smiruwick, formerly with The Atlantic Refining Company is now an independent consult- 
ing geophysicist. His new address is 2352 Coronet Place, Jackson 4, Mississippi. 


S. GoRENBEIN, formerly with California Research Corporation, is now a member of the technical 
staff of Hughes Aircraft Company, Fullerton, California. 


M. Davip RosTokER completed his Ph.D. in Geology at Boston University and has accepted a 
position as head of the Science Department at Quincy Junior College, Quincy, Massachusetts. 


C. K. SHepHERD, New York, manager of acquisitions in the foreign department of Continental 
Oil Co., was named to succeed Hal F. Nabors, as general manager of the Central division at Oklahoma 
City. Nabors recently was named manager of production in the foreign department at New York. 

Shepherd joined the company in 1937 on a geophysical crew; in 1955 was named exploration 
manager for Sahara Petroleum Co. in Egypt, and became president of that firm in 1957. He has been 
at the New York post since 1958. 


RicHArRD A. Snow has been promoted to Manager of the Geophysical Instrument Product 
Group of Varian Associates, sustaining member of the SEG. E. L. Watson, Manager of Instrument 
Field Engineering, Instrument Division, has become company representative to SEG for Varian. Both 
are in the headquarters’ offices of the company at 611 Hansen Way, Palo Alto, California. 


R. A. BLack has resigned his appointment as Associate Professor at the Missouri School of Mines 
and Metallurgy to accept a position as geophysicist with the U. S. Geological Survey. 


The Board of Directors of The Geotechnical Corporation, Garland, Texas, recently announced 
the election Dr. Witttam B. HEroy, Jr. to the office of Executive Vice-President. Dr. Heroy joined 
Geotech in 1945 and was subsequently appointed a Vice-President and member of the Board of Di- 
rectors. 

Tn his new position, Dr. Heroy will direct and coordinate the operations of the company. 
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CALENDAR OF MEETINGS 
1960 
October 
12-14 Third Annual Meeting, Southwestern Federation of Geological Societies, Abilene, Texas. 
19-21 Gulf Coast Association of Geological Societies, Biloxi, Mississippi. 
31-Nov. 2 GSA Annual Meeting, Denver, Colorado. 


November 
3-4 Pacific Section AAPG, Los Angeles. 
7-10 Society of Exploration Geophysicists, 30th Annual International Meeting, Moody Con- 
vention Center, Galveston, Texas. 
14-16 API, Chicago, Illinois. 


1961 
February 
19-23 AIME Annual Meeting, St. Louis, Missouri. 


March 
20-23 IRE National Convention, New York City. 
April 
9-11 Society of Exploration Geophysicists, 14th Annual Midwestern Meeting, Skirvin Hotel, 
Oklahoma City, Oklahoma. 
24-27 AAPG-SEPM Annual Meeting, Denver, Colorado. 


October 
8-11 Society of Petroleum Engineers of A.I.M.E., Annual Meeting, Dallas, Texas. 
18-21 AAPG Mid-Continent Regional Meeting, Amarillo, Texas. 
25-27 Gulf Coast Association of Geological Societies, San Antonio, Texas. 
November 
2-4. GSA Annual Meeting, Cincinnati, Ohio. 
5-9 Society of Exploration Geophysicists, 31st Annual International Meeting, Denver, Colo- 
rado. 
9-10 Pacific Section AAPG, Los Angeles. 
13-15 API, Chicago, Illinois. 


1962 
March 
26-29 AAPG-SEPM Annual Meeting, San Francisco, California. 
26-29 IRE National Convention, New York City. 
September 
7-10 Society of Petroleum Engineers of A.I.M.E. Annual Meeting, Los Angeles, California. 
17-20 Society of Exploration Geophysicists, 32nd Annual International Meeting, Calgary, 
Alberta. 


Oct. 31-Nov.3 Gulf Coast Ass’n Geological Societies, New Orleans, La. 
November 
12-14 GDA Annual Meeting, Houston, Texas. 


1963 
March 
25-28 AAPG-SEPM Annual Meeting, Houston, Texas. 


October 
6-9 Society of Petroleum Engineers of A.I.M.E. Annual Meeting, New Orleans, La. 
24-28 Society of Exploration Geophysicists, 33rd Annual International Meeting, New Orleans, 
La. 
November 
13-16 Gulf Coast Ass’n of Geological Societies, Hot Springs, Ark. 
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PROFESSIONAL DIRECTORY 


ARIZONA 


ARIZONA 


HEINRICHS GEOEXPLORATION CO. 
Mining Oil & Water Consultants & Contractors 
Geophysics Geology & Geochemistry 
Examination-Interpretation-Evaluation 
MOBILE MAGNETOMETER SURVEYS 
Walter E. Heinrichs, Jr. 

P.O. Box 5671 Tucson, Ariz. Phone: MAin 2-4202 


CALIFORNIA 


H. WAYNE HOYLMAN 
Consultant 


Petroleum and Mining Exploration 


816 W. Sth St. 
Los Angeles 17, Calif. 


Aerogeophysics Company 
MAdison 8-6428 


JOSHUA L. SOSKE 
Geologist and Geophysicist 
Dept. of Geophysics 


SCHOOL OF MINERAL SCIENCES 
Stanford University 
STANFORD, CALIFORNIA 


CALIFORNIA 


ELLIOTT SWEET 
Gravity Meter Surveys 
Gravity and Seismic Interpretation 
SWEET GEOPHYSICAL CO. 


21544 Rambla Vista Drive 
MALIBU, CALIFORNIA 


L. F. IVANHOE 
Consulting Geologist and Geophysicist 
Domestic and Foreign Exploration 


Phone: FA $0283 1316 H Street 
CABLE: BAKERSFIELD, CALIFORNIA 


CURTIS H. JOHNSON 
Geophysical Consultant 
Domestic & Foreign 
816 WEST 5TH STREET, LOS ANGELES 17, CALIFORNIA 
Phone: MAdison 6-0020 


WILLIAM CROWE KELLOGG 
Geological Engineer 
Kellogg Exploration Company 
Geologists — Geophysicists 
Electrical — Magnetic — Gravity — Radioactivity 


Ait-Ground Surveys Interpretation 
3301 NorTH MARENGO ALTADENA, CALIFORNIA 


HENRY SALVATORI 
Western Geophysical Company 
of America 


1116 Pacific Mutual Bldg. 
523 W. 6th Street 


COLORADO 


Milt Collum Wes Morgan 


PETROLEUM GEOPHYSICAL 
COMPANY 


Contract Seismograph Crews 
Seismic Review and Interpretations 
Rocky Mountain Area 
KEystone 4-0253 


2911 Glenarm Denver 5, Colorado 


LOUISIANA 


MISSISSIPPI 


EWIN D. GABY 
Delta Exploration Company 


Jackson Mississippi 


LOS ANGELES 14, CALIFORNIA 
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OKLAHOMA 


MISSOURI 


LERoy SCHARON 
Mining and Engineering Geophysics 


567 Brookhaven Court 
Kirkwood 22 


Phone 
St. Louis, Missouri YOrktown 6-4245 


NEW YORK 


E. V. McCOLLUM 
Geophystcist 


E. V. McCollum & Co. 
Namco, International 
515 Thompson Building 
TULSA, OKLAHOMA 


Geo Seis, Inc. 


ROLAND F. BEERS 


ROLAND F. BEERS, INC. 


Petroleum and Minerals Exploration Consultants 
round and Airborne Surveys 


Data Reduction and Analysis 
P.O. Box 1019 roy, New York 
AShley 2-6478; 2-2351 


OKLAHOMA 


GLENN M. McGUCKIN 
Seismograph Consultant 
Data Interpretation Current Supervision 
ALES: McGUCKIN (Patented) SEISMOGRAPH 
SECTION PLOTTER (DIP MIGRATOR) 
25 Years Experience: 
Supervising, Contracting, Consulting 
1304 Ann Arbor 


Phone JEfferson 4-0853 
NORMAN, OKLA. 


THOMAS J. BEVAN 
Geophysicist 


914 American Airlines Bldg. Phone CHerry 2-7508 
TULSA 3, OKLAHOMA 


ARNOLD H. BLEYBERG 
Petroleum Exploration Consultant 
Domestic & Foreign Services 


MID-AMERICA BANK BLDG. 


OKLAHOMA CITY 2, OKLA. PH.: CENTRAL 2-0913 


CRAIG FERRIS 
Geophysicist 
E. V. McCollum & Co. GeoSeis, Inc. 

Namco, International 
515 Thompson Bldg. 
TULSA 3, OKLA. 


RICHARD A. POHLY 
Gravity Surveys and Re-interpretation 


POHLY EXPLORATION COMPANY 
Riverside 2-2009 


1135 E. 38th St. 
TULSA 5, OKLAHOMA 


BEN F. RUMMERFIELD 
Geologist and Geophysicist 
CENTURY GEOPHYSICAL CORPORATION 
503 Jenkins Building 1105 7th Ave., W. 
Tulsa 3, Oklahoma Calgary, Alberta 


JOHN J. RUPNIK 

Petroleum Exploration Consultant 

GEOPHYSICAL & GEOLOGICAL COORDINATION 
J. J. RUPNIK AND COMPANY 


730 BEACON BLDG., Telephone LU 4-6355 
TULSA 3, OKLAHOMA 


Research and 


Contractor and 
Developments 


Consultant 

V. L. JONES 

TERRAMETRIC EXPLORATION COMPANY 

GEOPHYSICAL AND GEOLOGICAL SERVICES 
Phone 


P.O. Box 3731 
DI 3-0012 


TuLSA 23, OKLA. 


HUGH M. THRALLS 
Consulting Geophysicist 
Glbson 7-3921 


Box 9577 
TULSA, OKLAHOMA 


TOM D: MAYES 
Mayes-Bevan Co. 


Gravity Meter Surveys 
and Interpretations 
345 Kennedy Building 


TULSA, OKLAHOMA 
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TEXAS 


TEXAS 


JOHN F. ANDERSON 
ANDERSON & COOKE 
Oil Exploration Consultants 


Geological Consulting 
Seismic Surveys & Interpretations 
665 San Jacinto Bldg. Houston 2, Texas 


PAUL FARREN 
Geophysical Consultant 


Specializing in Seismic Interpretation, 
Review, and Supervision 
1528 Bank of the Southwest 


Houston 2, TExas FA 3-1356 


WALTER D. BAIRD 
Consulting Geophysicist 


NEIL P. ANDERSON BUILDING 
PHONE EDISON 6-8400 FORT WORTH 2, TEXAS 


KEITH R. BEEMAN 
Electronic Consultant 
Seismograph and Allied Equipment 


P.O. Box 13058 
Houston, Texas 


L. F. FISCHER 
Exploration Consultant 


Geophysicist 
Geologist 


624 First City Bank Bldg. Houston 2, Texas 


JOHN L. BIBLE 
_ Gravity-Magnetic-Surveys-Interpretations 


Bible Geophysical Co., Inc. 
1045 Esperson Bldg. Houston 2, Texas 


J. F. FREEL 
RESEARCH EXPLORATIONS, INC. 


$134 Westheimer Road 


Houston, Texas 


HART BROWN 
Brown Geophysical Company 


Gravity-Meter-Surveys 
Interpretations 


3300 Brownway Rd. Houston 19, Texas 


JOHN A. GILLIN 


National Geophysical Company, Inc. 
Namco International, Inc. 


2345 West Mockingbird Lane 
Dallas, Texas 


R. A. CRAIN 
Texas Seismograph Company 


1502 Eighth St. 
WICHITA FALLS, TEXAS 


T. I. HARKINS 
Independent Exploration Company 


1973 West Gray 
P.O. Box 13237 
Houston 19, Texas 


J. G. HARRELL 
Geophysicists 


Telephone 
TE 8-0284 


2810 Primrose St. 
Fort Worth, Texas 


R. H. DANA 
Dana Explorations, Inc. 


1301 W. T. Waggoner Bidg. 
Fort Worth, Texas 
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Geophysical Consultant 


619 Fidelity Union Life Bldg. 
DALLAS 1, TEXAS 


JOHN S. IVY 
Niels Esperson Building 


HOUSTON, TEXAS 


TEXAS TEXAS 
J. O. HOARD C. T. MacALLISTER 
Geophysical Consultant 
HOARD EXPLORATION 
COMPANY Seismic Interpretations and Field Supervision 
Esperson Building Houston, Texas 6327 Vanderbilt, Telephone: 
Houston 5, Texas MA 3-4181 
W. B. HOGG HAYDON W. McDONNOLD 


Geologist & Geophysicist 
Keystone Exploration Company 


2813 Westheimer Road 
HOUSTON, TEXAS 


A. E. “SANDY” McKAY 
Geologist and Geophysicist 
Continental Geophysical Company 
Namco International, Inc. 


FORT WORTH, TEXAS 
1409 Continental Life Bldg., Phone EDison 2-9231 


J. C. KARCHER 
Geophysicist 


Adolphus Tower 
DALLAS, TEXAS 


GEORGE D. MITCHELL, JR. 
Geologist and Geophysicist 


911 Mercantile Securities Bldg. Dallas, Texas 


MARTIN C. KELSEY 
Rayflex Exploration Company 


6923 Snider Plaza Dallas 5, Texas 


H. KLAUS 
Geologist and Geophysicist 
Klaus Exploration Company 
Gravimetric and Magnetic Surveys 
and Interpretations 


P.O. Box 1617 Lubbock, Texas 


P. E. NARVARTE 
Consulting Geophysicist 
Seismic Interpretations 

Current Supervision and Review 


Frost National Bank Building 
San Antonio, Texas 


PAUL H. LEDYARD 
Mid-Continent Geophysical Co. 


Contract Seismograph Crews 
Seismic-Reinterpretations 
2509 West Berry Fort Worth, Texas 


L. L. NETTLETON 


Gravity Meter Exploration Co. 
Interpretation of Gravity Surveys 
tic Surveys 


jon of Aer 


3621 W. Alabama 
HOUSTON 27, TEXAS 


W. W. (IKE) NEWTON 
Geophysicist 
823 Corrigan Tower 
DALLAS, TEXAS 
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TEXAS 


TEXAS 


J. O. PARR, JR. 
Consulting Geophysicist 


Methods & Instrumentation 
for 
Seismic & Radiometric Surveys 


202 Janis Rae San Antonio, Tex. 


RAYMOND L. SARGENT 
Magnetometer Surveys 
Interpretations 


M & M Bldg. 
HOUSTON 2, TEXAS 


C. W. PAYNE 
Exploration Consultant 
Geology—Geophystcs 


812 Continental Life Bldg. 
FORT WORTH 


SIDNEY SCHAFER AND COMPANY 
Geophysicists and Geologists 


EXPLORATION CONSULTANTS 
Domestic and Foreign 


Sidney Schafer 2200 Welch Avenue 
Jack C. Weyand Houston 19, Texas 


H. B. PEACOCK 


Consulting Geophysicist 


9746 Audubon Place 
DALLAS 20, TEXAS 


J. C. POLLARD 
GEOPHYSICAL ENGINEERING 


SEISMIC . . . GEOGRAPH .. . GRAVITY 


MAGNETIC SURVEYS 


2500 Bolsover Rd., P.O. Box 6557, Houston 5, Tex. 


HUBERT L. SCHIFLETT 
States Exploration Company 
Seismic, Gravity and Magnetic Surveys 


5313 Richmond Road 
HOUSTON, TEXAS 


Highway 75 North 
SHERMAN, TEXAS 


H. B. SMYRL 
Portable Seismograph, Inc. 


706 Frost National Bank Bldg. 
San Antonio 5, Texas 


ROBERT H. RAY 
GEOPHYSICAL ENGINEERING 
e 
SEISMIC . . . GEOGRAPH . . 
MAGNETIC SURVEYS 
e 


GRAVITY 


2500 Bolsover Rd., P.O. Box 6557, Houston 5, Tex. 


SAM D. ROGERS 
Rogers Geophysical Company 


Rogers Explorations, Sociedad Anonima 


3616 West Alabama Houston 6, Texas 


NELSON C. STEENLAND 
Gravity Meter Exploration Company 
Geophysicist 


3621 W. Alabama Houston 27, Texas 


R. C. SWEET 
Geophysicist 


1111 Bering Dr. Houston, Texas 


C. WHITNEY SANDERS 
Consulting 
Petroleum Geologist-Geophysicist 


U. S. ard European Exploration 
1132 Bank of the Southwest Building 
HOUSTON 2, TEXAS 


Seismic Reviews Field Supervision 
KIRBY J. WARREN 
Geophysical Consultant 

909 Continental Life Building 
Fort Worth, Texas ED 2-9073 
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TEXAS CANADA 
E. DARRELL WILLIAMS 
ip GEORGE W. SANDER 
Geophysicist 
Specializing in Radiometric Exploration for Oil Consalsing Geophysicist 
3114 PRESCOTT ST., HOUSTON 25, TEXAS 
PHONE MA 3-3991 174 Douglas Ave. N., 


Phone 


Oakville, Ontario Victor 4-6345 


JOHN H. WILSON 


Exploration Consultant W. F. STACKLER 


1201 Sinclair Bldg. Consulting Geophysicist 


FORT WORTH, TEXAS 


Phone CHery 4-7303 


1937 25th Avenue S.W. 
CHARLES C. ZIMMERMAN CALGARY, ALBERTA 


Geologist & Geophysicist 
Keystone Exploration Company 


2813 Westheimer Road For Information 
HOUSTON, TEXAS 


WYOMING On inserting your card 


Exploration Geology Seismic Reviews 


ane in the 
Evaluations Seismic Supervision 
JOHN F. PARTRIDGE, JR. . . 
Consulting Geologist—Geophysicist Professional Directory 
P.O. Box 258 Room 211 O-S Building 
Phones 2-6485 and 2-3328 CASPER, WYOMING 
Wri 
CANADA rite 
Business Manager 
R. E. DAVIS 


Farney Exploration Company, Ltd. 


Box 1536 
Tulsa |, Oklahoma 


830-8th Avenue West 
CALGARY, Alberta, Canada 


JOHN O. GALLOWAY 


TRANSLATORS-SCIENTISTS WANTED 

805 Eighth Avenue South West Proven ability to translate technical ma- 
AMherst 2-9018 CALGARY, ALBERTA terial into fluent English essential. Attrac- 
tive full time or free-lance arrangement. 


All languages of interest, particularly Rus- 
THEODORE KOULOMZINE sian and Japanese. Send résumé to: 
Geologist & Geophysicist 
Koulomzine & Brossard Ltd. A-T-S, Inc. 
P.O. Box 880, VAL D’OR Que. Canada. Drawer 271, East Orange, N.J. 
Rm 905, 80 Richmond St. W. Toronto, Ont. Can. 


Rm 1014, 132 St. James St. W. Montreal, Que. Can. 
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Schlumberger 
Sonic and 
Resistivity 
Logs Simplify 
Oil Finding! 


Oil and gas horizons 

are graphically 

identified by simple 
comparisons of 

Sonic and Resistivity data. 
These fast methods 

of interpretation 

are appropriate 

for well-site application. 
Potentially productive zones 
thus found 

can be further 


investigated by 
quantitative methods— 


or can be checked 
by sidewall cores 
and formation tests. 


Ask a Schlumberger 
engineer in your 
area to demonstrate 
the benefits 

you can derive 
from Sonic and 
Resistivity Logs in 
your well program. 


THE EYES OF THE InDUSTRY® 


SCHLUMBERGER 
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THE GEOPHYSICAL SOCIETY OF TULSA 
announces VOLUME 6 of 
THE PROCEEDINGS OF THE 
GEOPHYSICAL SOCIETY OF TULSA 


This issue contains the following papers: 
Soviet Geophysical Activity 
Seismic Probing of the Earth’s Crust by G. A. Gamburtsev 
A Combined Plot Method for Determining the Range of Refracted and | 
Reflected Waves by I. S. Berzon 
Three-Dimensional Seismic Exploration on a Mass-Scale in the Carpathians 
by V. D. Zav’yalov 
Standard Equipment for Radioactive Logging by D. F. Bespalov and B. G. 
Erozolimsky 
This issue also contains a nearly complete listing of titles and abstracts of tech- 
nical papers presented before twenty-three local sections of SEG during the 
1958-59 season. 


BACK ISSUES AVAILABLE 


Volume 5. Interpretation 


This issue contains four papers reiating to the interpretation of seismic and gravity data. 
A fifth paper discusses seismic exploration in the Appalachian Region. 


Volume 4. Tenth Anniversary Number 
This issue contains nine original papers on various phases of exploration geophysics. 


Volume 3. Density Data 


This issue presents density data, in tabular and graphic form, of core fragments and cut- 
tings from wells in several geological basins. Emphasis is placed on West Texas basins. 


Volume 2. Co-operation of Geology and Geophysics 


Case histories of geological and geophysical co-operation successful in petroleum ex- 
ploration are presented in this issue. 


Volume 1. Joseph A. Sharpe Memorial 


The text of this first volume is concerned with magnetic susceptibility of rocks, its de- 
termination and usefulness, magnetic susceptibility measurement on rocks in the Llano 
uplift, on well cores from pre-Simpson Paleozoic rocks, and from wells in West Texas and 
Southeast New Mexico. 


PRICE OF EACH VOLUME $2.50 (INCLUDES POSTAGE) 


Address: 


515 South Boston, Tulsa, Oklahoma 


| 
TULSA BOOK SHOP 
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A Primer About 
Reservoir Engineering 
for the 
Geophysicist 
Geologist 
Manager 
Supervisor 


A book that translates the complex sci- 
ence of reservoir engineering into simple, 
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Elements of 
Petroleum Reservoirs 


straight-forward language easily under- 
stood by the non-reservoir engineer—no mathematics, no formulas. 


SUBJECTS OF THE 15 CHAPTERS 


Petroleum'’s Origin 
Rock Characteristics 


Oil and Gas 
Characteristics 


Fluid Distribution 
Natural Oil Drives 


Oil Producing 
Characteristics 


Natural Oil Displacement 


Development and 
Operations 

Oil Production Rates 

Oil Lease Operations 

Gas Producing 
Characteristics 


Gas Reservoirs 
Miscible Drive 
Combustion Drive 


Reservoir Exploitation 


ORDER FORM 


Price: $7.00. Bound in AIME red cover, 6 x 9 inches. 


copies of Elements of Petroleum 


Reservoirs. Enclosed is payment of $............... 


260 pages 

174 illustrations 

Six by nine inches 
Published April, 1960 


Written by Norman J. Clark, 
petroleum consultant 

Combustion Drive—a_ special 
chapter by P. D. White and 
Jon T. Moss 

Published by Society of 
Petroleum Engineers of AIME 

Sponsored by Henry L. Doherty 
Memorial Fund 


Send order to: 


Society of Petroleum 
Engineers, 


6300 North Central 


Expressway, 


Dallas 6, Texas 
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ABEM 
GEOPHYSICAL INVESTIGATIONS 


FROM THE AIR 


for 


ORE PROSPECTING 
OIL EXPLORATION 


AND 


CIVIL ENGINEERING 


ABEM 


GEOPHYSICAL INSTRUMENTS 


e@ Airborne EM and Magnetic Surveys 


e@ Ground EM, Magnetic, Electric, Seismic, and 
Gravimetric Surveys 


@ Underwater Seismic Surveys 
e@ Underground Magnetic Surveys 


IN MINES AND 
BOREHOLES 


For further details about these geophysical services and 
instruments write to 


THE ABEM COMPANY 


DANDERYDSGATAN 11, STOCKHOLM, SWEDEN, 


or contact your nearest ABEM agent 


| U.S.A. ENGLAND CANADA FRANCE | SOUTH AFRICA | AUSTRALIA 
Geophysical Craelius Company Moreau Woodard S.A. Craclius, 92 | Norse Industries J. J. Masur & Co. 
| Instrument and Limited, 11 Clarges | & Co., Ltd., 1880 Av. des Champs- | (Pty.), Ltd., 80! Pty. Ltd., John 
Supply Co., 1616 Street, London, O'Connor Drive, Elysées, Paris 8e. | Transreef House, Street, P.O. Box 48, 
| Broadway, Denver Wl, Toronto 16, | Marshall Street, South Melbourne, 
Ontario. | Jonannesburg. C.5. 


2, Colorado. | 
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Belt or tape—for accurate 
magnetic recording of 
seismic data ask your 
supplier for 


BRAN 


In geophysical work, as in dozens 
of other sciences, “SCOTCH” BRAND 
Magnetic Products provide the reli- 
able response needed for accurate 
data acquisition. 


Makers of some of the most sensi- 
tive tapes used in instrumentation, 
“SCOTCH” BRAND has pioneered in 
developing the basic magnetic prod- 
ucts which leading manufacturers of 
seismographic systems include in 
their own catalogues. Belt or tape— 
AM or FM recording—for top out- 
put ask your seismographic supplier 
for “SCOTCH” BRAND—and compare 
the results. 


“SCOTCH” BRAND MAGNETIC PRODUCTS 
fo geophysical recording 


“SCOTCH” is a registered trademark of 3M Company, St. Paul 6, 
Minnesota. Export: 99 Park Avenue, New York, N. Y. In Canada: 
London, Ontario. 
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ASKANIA Magnetic Instruments 
for precise determination of magnetic anorn. ‘ies 


Magnetic Field Balance Gf 6. 
{ After Schmidt, the classic field 
instrument for relative measure- 
ments of the horizontal or ver- 
tical intensity 


Torsion Magnetometer Gfz. Out- 

g the 
instruments for relative meas- 
urements of the vertical inten- 
‘sity 


Universal Torsion Magnetometer 
UTM. For relative measurements 
of all three components of the 
earth magnetic field A 
Magnetograph. The new devel- 


opment for recording also fast 


occurring variations of one com- 
18. s ponent of the earth magnetic 
field (either D-I-H-Z or T) 


ASKANIA-WERKE 
U. S. Branch Office & Service Dept. e 4913 Cordell Ave., Bethesda, Maryland 
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PORTABILITY 


that pays for itself! 


24-Trace Alil-Transistorized Seismograph 


The EXPLORER* Seismograph is setting economy and performance 
records in SUMATRA, PERU, COLOMBIA, MEXICO, FRANCE, 
CANADA, MISSISSIPPI, and SOUTH LOUISIANA. 

This Seismograph FIRST can do the same for you by... . 


e Cutting recording and support personnel in half. 

e Halving time at and between recording set-ups, thus doubling 
production and proportionately reducing cost per profile. 
Giving you a wide operational range of frequencies from high 
resolution to refraction . . . wide selection of AGC, fixed, and 
TVG gain controls. 

Offering unequalled portability for “back-packed” or heli- 
copter operations. 


The EXPLORER Seismograph pays for itself in reduced operating 
costs and increased production .. . let a TI seismic engineer supply 
you with proof. 


* A trademark of Texas Instruments 


TEXAS INSTRUMENTS 
INCORPORATED 


GEOSCIENCES & INSTRUMENTATION DIVISION 
3609 BUFFALO SPEEDWAY * HOUSTON 6, TEXAS * CABLE: TEXINS 
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¢ 
. .. you'll get an accurate picture of 
=—>* oil-producing possibilities. Tidelands’ 
Se experienced crews and modern equip- 
Lae j ment assure positive results and high 
: production. 
A Complete Geophysical Service 
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They are not going to tell him how to fuze a nuclear warhead. 


He is not going to tell them 
why Kodak’s direct-writing 
paper responds so weli to 
Permanizing treatment. 


Hugh L. Odell (left), supervisor of instrument services 
at Sandia Corporation’s Livermore (Calif.) Laboratory, 
introduces Sandia’s Wilford Vandermolen to Kodak’s 
John Pardee (center). Mr. Vandermolen’s function is to 
record on photographic paper signals such as those in- 
dicating the condition of the fuzing mechanism inside 
the casing of a nuclear bomb under various applied 
forces. Mr. Pardee’s function is to co-ordinate develop- 
ment of new combinations of sensitized paper, chem- 
icals, and processing techniques with the changing needs 
of users of Kodak Linagraph Papers. 


Some people’s secrets are bigger than other people’s secrets. Some of the biggest are 
kept by Sandia Corporation, whose responsibilities include the ordnance engineering of 
nuclear weapons. Everything had better be up to date at Sandia. 

On this visit John Pardee found out that the up-to-date view on Kodak Linagraph Direct 
Print Paper is a little different from what we had in mind. We developed the product for 
instant results and only occasional need of preservation treatment with Kodak Linagraph 
Permanizing Developer. Turns out that at Sandia’s Livermore Laboratory they do the 
preservation treatment routinely on many recordings (because photocopies are needed), 
but they need the no-processing, instant-see feature for quick-look appraisal of informa- 
tion recorded on magnetic tape. 


For a booklet on these two companion products write 


Photorecording Methods Division 


EASTMAN KODAK COMPANY, Rochester 4, N. Y. 


4 
ADEMARK 
: 
= 
34 
ie 
Pas 


32 GEOPHYSICS, OCTOBER, 1960 


(Continued from page 4) 
INSTRUMENTATION DEVELOPMENT 


Empire Geophysical, Inc. an- 
nounced an instrumentation development 
at its Midland Tape Reduction Center 
that offers new versatility in the process- 
ing of magnetic tapes for seismic applica- 
tion. 

According to Empire President, How- 
ard Itten, Empire is now able to provide 
service for complete data reductions from 
SIE, SIE configuration type tapes, 
Techno, Techno configuration type tapes, 
magnedisc and EIC tapes. The services 
include all types of reduction processes 
from field tapes as well as the transcrib- 
ing or transferring from one type of tape 
to another. The system includes both AM 
and FM facilities, with all combinations 
of the two systems available to the cus- 
tomer. Transcribing is performed on a 
simultaneous 24-trace operation. Reduc- 
tion from field tapes to the various modes 
of presentation and for dynamic and 
static corrections is performed in the 
highly versatile Seismac sequential sys- 
tem, as well as the alternate SIE MS-12 
sequential correction system. Multiple 
drums provide great flexibility for hori- 
zontal stacking, as well as the process of 
compositing. The system readily 
adapted to sequential field recording, 
such as is encountered in weight drop- 
ping operations, as well as for all con- 
ventional seismic techniques. 

The installation at Midland has pro- 
vided Empire with the most complete 
and largest system of its kind for mag- 
netic tape processing in the United States. 
Empire Geophysical, Inc., 6000 Camp 
Bowie Blvd., Fort Worth, Texas. 


HARMONIC MIXERS 


Two new harmonic mixers which speed 
and simplify frequency measurements up 
to 18 KMC are now available from Hew- 
lett-Packard Company. 

Model P932A fixed tuned harmonic 
mixer, operating in the 12.4 to 18 KMC 
P-Band, mounts directly in a waveguide 
system and operates with a Hewlett-Pack- 


ard Model 540A or 540B transfer oscil- 
lator. The oscillator output is applied 
directly to the mixer, which generates 
harmonics and mixes them with an ap- 
plied unknown waveguide frequency. 
The mixer’s beat frequency output is ap- 
plied to the 540’s oscilloscope, the oscil- 
lator tuned for zero beat scope indication, 
and the oscillator frequency setting 
noted. 

Simple multiplication of the 540 dial 
frequency by the harmonic number yields 
the unknown frequency to within 0.59%. 
Measuring the oscillator frequency on a 
Hewlett-Packard 524 series counter in- 
creases the accuracy of measurement on 
clean cw signals up to | part in 10°, 

Model P932A’s maximum input power 
is 100 mw, and its minimum video output 
is 0.1 mv rms with 0 dbm input. 

The other harmonic mixer, Model 
934A, operates from 1 to 12.4 KMC, and 
extends the range of the Hewlett-Packard 
540A transfer oscillator from 5 KMC to 
12.4 KMC. The 934A offers the same ad- 
vantages as the P932A, including the 
fixed tuned feature eliminating tedious 
adjustment. Its maximum input power is 
100 mw, and its typical sensitivity is —45 
dbm at the mid-range points. 

The Model P932A is priced at $250 
and is currently available for delivery 
from stock. The Model 934A is priced at 
$150 and is currently available for de- 
livery from stock. Hewlett-Packard Com- 
pany, 1501 Page Mill Road, Palo Alto, 
California. 


OSCILLOGRAPH RECORDING FILM 
EKTACHROME ER SYSTEM 


A new oscillograph recording film and 
a high-speed color motion picture system 
for instrumentation were announced by 
Eastman Kodak Company before the So- 
ciety of Photographic Instrumentation 
Engineers Technical Symposium. 

The new oscillograph material, Lina- 
graph Recording Film, Estar Base, com- 
bines emulsion characteristics which pro- 
duce sharp, black, easily-read traces with 
the exceptional dimensional stability of 
Kodak's recently-announced polyethylene 
terephthalate Estar base. 

The film is highly sensitive to the blue 
region of the spectrum, yields high con- 
trast for discernment of fine traces, and is 
fog free to further aid legibility of the 
traces. An orange anti-halation backing, 
which enhances image sharpness, instantly 
disappears upon immersion in the de- 
veloper. 

(Continued on page 38) 
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CENTURY serves the world 


Century Geophysical Corporation, with its 44 geophysical units presently spread across the globe, is backed and 
strengthened by the research and development laboratories and the manufacturing facilities of Century Elec- 
tronics & Instruments, Inc. These two affiliates are working partners in providing many industries with technical 
services and electronic instrumentation and equipment. 


Seismic and gravity meter crew operations, review geophysical interpretations, velocity surveys, data center 
processing, uranium exploration logging and radiometric analysis are some of the general areas where Century 
has gained a large backlog of experience and wide acceptance. 


Century's facilities are available to assist you in gathering, pro- 
cessing and evaluating scientific data anywhere in the world. 


Century Geophysical Corporation Century Electronics & Instruments, Inc. 


TWX TU-1407 —- TULSA, OKLAHOMA 
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Field party on survey for proposed Can- § 


yon Dam on Texas’ Guadalupe River. 
NE ry, 


—_ SPEED HYDROLOGIC STUDY 
OF RESERVOIR BASIN 


A ground-water and geologic survey, involving water table iso- 
grams for 400 square miles adjoining the proposed Canyon Dam 
Reservoir on Texas’ Guadalupe River, recently was completed 
in 35 days. Despite difficult terrain and maximum relief of 1000 
feet, over three hundred spot elevations were taken during this 
period. The speed with which this work was done is attributed 
to the use of the two-base method of altimetry employing three 
Wallace & Tiernan Type FA-176 Surveying Altimeters. 


Technical data on the FA-176 Altimeter include: Range — any interval 
of 2000’ up to max. limit of 5000’; Accuracy — 2.0’; Sensitivity — 0.5’; 
Scale Length — 20”; Dial Size — 814” dia. 


For details on FA-176, send for Bulletin No. A-117.42 


WALLACE & TIERNAN INCORPORATED 


25 MAIN STREET, BELLEVILLE 9,NEW JERSEY 
IN CANADA: WALLACE & TIERNAN LTD.,WARDEN AVE., TORONTO 13, ONT. 
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POINTING THE WAY 
FOR THE DRILL 


< 


Your complete geophysical service company 


Independent Exploration Company service is more 
complete than ever. In addition to its 
unparalleled experience and ability in traditional 
geophysical survey techniques |X offers you 

a wide range of skill and highly specialized equipment 
for gravity meter surveys, weight dropping 

surveys, offshore and inland marine surveys. 


To get more usable data for your dollar invested 
in exploration, call in... 


INDEPENDENT 
EXPLORATION CO. 


Geophysical Surveys 


1964 West Gray e Houston, Texas 
Cable Address: Independex 
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(Continued from page 32) 


The new thin, hard emulsion permits 
safe, rapid, high-temperature processing. 
The film dries within seconds after re- 
moval from the wash. 

Linagraph Recording Film, Estar Base, 
is available through Kodak Photo-Record- 
ing dealers in all standard widths from 
2 to 52 inches, in any lengths required, 
and in many spooling specifications. 

The Ektachrome ER System of Color 
Photography for Instrumentation in- 
cludes the recently-introduced Ekta- 
chrome ER Film, Daylight Type, with an 
exposure index rating of 160, Ektachrome 
ER Film, Type B, rated at 125, and a 
new Ektachrome ER Print Film which 
produces high-quality duplicates of origi- 
nal footage. 

A key advantage of the new print film 
is that it can be processed “head to tail” 
in the same machine using the same solu- 
tions and under the same time, tempera- 
ture, and chemistry as the original. By 
using one processing machine and one 
set of solutions for both originals and 
duplicates, substantial savings are real- 
ized in space, plumbing, and equipment 
requirements. 

Since the introduction of Ektachrome 
ER Daylight and Type B films, users 
with special requirements have obtained 
excellent results with the use of very high 
exposure indices with forced processing. 
Many customers report that these films 
have minimum grain, high acutance, and 
faithfulness to color over an extreme 
range of exposures and processing. 

While both these films are suitable for 
screening, the new Ektachrome ER Print 
Film is specially designed to meet screen- 
viewing needs with optimum sharpness, 
color reproduction, and contrast. 

Further information on Linagraph Re- 
cording Film, Estar Base, and the Ekta- 
chrome ER System is available from the 
Photo-Recording Methods Sales Division, 
Eastman Kodak Company, Rochester 4, 
New York. 


WWVT RECEIVER 


Model WWVT is a portable, transistor- 
ized WWYV receiver. The compact, light- 
weight unit has applications in calibrat- 
ing field research gear, remote location 
work, and geophysical, communications, 
and general electronics uses. 

Battery operated, it’s designed for re- 
mote operations in extreme environ- 
ments. A rugged, sealed metal case and 
potted components protect it. 


Measures 9” x 12” «x 5”; weighs 6 Ibs. 

For additional information, write 
James Sherman, Sales Mgr., Specific Prod- 
ucts, 21051 Costanso St., Woodland Hills, 
Calif., or telephone DI 0-3131. 


HELICOPTER 


A new 4-place business and utility heli- 
copter, sister ship of the Hiller 12 E, 
widely used in petroleum work and in 
exploration for oil and minerals, will go 
on the commercial market this fall, ac- 
cording to an announcement made by the 
Hiller Aircraft Corp. here today. 

Designated the Hiller E 4, the 4-place 
helicopter is powered by a 320 hp Lycom- 
ing engine, a more powerful version ot 
the same engine that lifted a 12 E copter 
to a world record rescue at 18,000 feet on 
Mt. McKinley, Alaska earlier this sum- 
mer. 

With more usable power than any 4- 
place copter, the E 4 is the only 4-place 
business version in the U. S. with the per- 
formance to climb vertically when fully 
loaded. The E 4's verified climb rate is 
820 feet per minute. 

(Continued on page 50) 
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COMPETENCE ... based on twenty-eight years 
of professional service. 


EISMIC 


XPLORATIONS 


SEI OFFERS . . . a group of experienced personnel—operational and staff. 
Equipment and technical standards controlled by our own laboratory. 


Leaders in modern methods of acquisition of seismic data and its 
interpretation in terms of geologic structure. 


SEISMIC EXPLORATIONS, INCORPORATED 
HOUSTON, TEXAS 

Midland Shreveport Denver 

Foreign Affiliate : Compagnie Reynolds de Geophysique, 


9 Rue du Marquis de Coriolis, Paris, France 
B. P. 14 Hussein Dey, Alger, Algeria 
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. .. for ‘Jeep’ vehicles, International*, Chev- 
rolet, GMC, Ford, Land Rover and others. 


COMPLETE, READY-TO-INSTALL KING 
FRONT-MOUNT WINCH ASSEMBLIES 
FEATURE: 


e winch side arms to reinforce truck 
frame 

@ bronze-bushed, 4-way cable guide 
rollers 

@ cable drum guard 

@ heavy-duty pipe bumper 

needle-bearing, universal -joint 
spline-shaft drive assembly 

e@ Timken bearings on worm 


*King Winches for International 
trucks are available through In- 
ternat:oval-Harvester dealers. 

King Winches keep you moving 
through the most difficult terrain 
you get action where there's 
no traction with dependable pull- 
ing power. King power winches 
have pulling capacities of 8,000 


to 19,000 Ibs. ' 


ALL-STEEL CABS FOR 
UNIVERSALS 

FULL AND HALF CABS 


Koenig cabs and King 
Winches for ‘Jeep’ 
vehicles are available 

through all, author- 
ized ‘Jeep’ vehicle 
dealers. Write for free 


Model 550 Koenig Full Cab descriptive literature. 


and Model 151J King Winch 


on CJ-5 ‘Jeep’ Universal. KOENIG ALL-STEEL CABS HAVE THESE SUPERIOR 
FEATURES: 
@ PROTECTION @ SAFETY 
@ COMFORT @ CONVENIENCE 
& Roll-down windows, full opening . . . full panel- 


board head lining and masonite door lining... 
safety glass throughout . . . all-steel welded 
construction . . . door locks. 


IRON WORKS, Inc. 


P.O. BOX 7726R © HOUSTON 7, TEXAS 
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Over a third of a century in designing 
the most reliable geophysical 


equipment in the world...this is built 
into every Mayhew rig. This experience, 
plus continuous development and 
research, maintains Mayhew’s 
international reputation for peak 
performance, dependable service and 
quality rigs for every geophysical need. 


Sales and Service Stores in All Active Areas 
DALLAS 


Cefiveniont!y ocoted supply 
sores serve every octive off 


@rec, providing reliable 


HOME OFFICE: 4700 Scyene Road, Dallas, Texas 


SALES AND SERVICE: Lubbock, Texas; Casper, Wyoming; Tulsa, 
Oklahoma; Sidney, Montana; Grand Junction, Colorado; Jackson, 
Mississippi; Houston, Texas 


SEISMIC SERVICE SUPPLY, LTD.: Calgary and Edmonton, Alberta, (ns 


Canada 
EXPORT: Gardner-Denver; International Division—New York, N.Y. 
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measure gravity from 


Another achievement in gravity measurement from LaCoste & Romberg 


Now for the first time, gravity surveys of inaccessible 
areas can be made from the air, using a LaCoste & Romberg 
airborne gravity meter. This new meter requires no gyroscopic 
stabilization platform. Its accuracy is better than 10 milligals. 
Commercial airborne surveys are now available from 


Fairchild LaCoste Gravity Surveys, Inc. 


LaCoste & Romberg no. AUSTIN, TEXAS 


Manufacturers of airborne, submarine, shipborne and surface gravity meters for both «xp!cration and geodetic surveys 
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TO YOUR EXPLORATION 
PROBLEMS 


For reliable information to best deter- 
mine the most likely locations, use our 


gravity 
Our scientific investigation and skilled 


interpretation are based on the latest 
proven scientific methods. 


Call, wire or write for prompt, 
accurate geophysical surveys. 


E. V. McCOLLUM CRAIG FERRIS 
515 Thompson Bidg. Ph. LUther 2-3149 


E.V.McCOLLUM & CO. 
TULSA, OKLAHOMA pj _ j 


Foreign Affiliate: 
NAMCO International, Inc. 
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Here's the latest word 
in seismic prospecting... 


Fig 
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for safe, 
simple and 
sure shooting! 


Cyanamid proudly announces two impor- quickly and easily to obtain the column 
tant additions to our long line of seismo- _load you desire. CYAMON S is available 
graph explosives — CYAMON® § and in 2” x 1 lb. cans and 214” x 1 Ib. cans. 


& PRES. CYAMON PRIMER is packaged in red 
CYAMON S§ is a nitro-carbo-nitrate es- | ™¢tal containers and is also available in 
pecially developed for use in seismograph both 2” x 1 lb, and 2%" x 1 Ib. cans. These 
exploration. It is safe requiring a cylinders are coupled to CYAMON § can 

extremely by threaded connections. The female end 
P p< of the CYAMON S PRIMER contains a 


; recessed well for cap insertion which will 
sealed metal containers, CYAMON § of- accommodate all seismic caps. 


fers a high degree of resistance to water 
pressure and stands up well in storage. For complete information on CYAMON 

S or the rest of our complete line, contact 
Threaded connections on the blue cylin- American Cyanamid or the Cyanamid dis- 
drical cans enable you to couple them tributor nearest you. 


AMERICAN CYANAMID COMPANY 


—_CYANAMID _ EXPLOSIVES AND MINING CHEMICALS DEPARTMENT 


3O ROCKEFELLER PLAZA, NEW VORK 20. WN. ¥. 


THE CYANAMID SEISMOGRAPH LINE*: 
Hi-Speed * Geogel® * Ajax S$ Pattern Powder * CX-311 (Hi-Speed, Geogel and Ajax S$ available 
plain or with Fast Coupler or E-Z Lok®) © Blasting Agents —Cyamon® OS * Cyamon® S 


CYANAMID MAGAZINES: 
Belleville, Illinois ¢ Berlin, Pennsylvania ¢ Billings, Montana ¢ Brazil, Indiana * Casper, Wyoming 
Denver, Colorado * Fostoria, Ohio * Great Bend, Kansas * Latrobe, Pennsylvania * Odessa, Texas 
Oklahoma City, Oklahoma °* Riverton, Wyoming ¢* Rock Springs, Wyoming * Roundup, Montana 
Sidney, Montana * Salt Lake City, Utah * Tulsa, Oklahoma 


¢ DISTRIBUTOR SALES OFFICES AND MAGAZINES: 

Dixie Dynamite Distributors, Inc, — Jackson, Mississippi * Hattiesburg, Mississippi * Houma, Louisiana 
Southwestern Pipe, Inc. — Alice, Texas * Brewton, Alabama °* Brookhaven, Mississippi * Houma, 
Lovisiana * Lafayette, Lovisiana * Loke Charles, Lovisiana * Shreveport, Louisiana 
Beeville H. & T. Sales Company — Beeville, Texas 
Southwestern Explosives and Supply, Inc., — Midland, Texas 
care Distributing Company — Oklahoma City, Oklahoma ¢ Tulsa, Oklahoma * Albuquerque, New 

xico 
Milne Explosives Company — Great Bend, Kansas 
James Ross — Billings, Montana 
Lowell M. Coen — Riverton, Wyoming 
Ashton Supply Company — Vernal, Utah 
Carbon Transfer & Supply Company — Helper, Utah 
W. H. Burt Explosives Company — Aztec, New Mexico * Farmington, New Mexico * Moab, Utah 
Wycoff Company, Inc. — Salt Lake City, Utah 
Archie L. Bowman — Denver (Littleton), Colorado 
Ted Andrus Explosives Co. — Billings, Montana Sidney, Montana Casper,Wyoming Rock 
Springs, Wyoming 
*Trademark 
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If you have not used Gravity, or if your use 
has been limited in recent years, it will pay 
you to reappraise the benefits of this fast, 
low cost exploration method. Instrumenta- 
tion, operational techniques, and interpreta- 
tion have been greatly improved enabling 
many operators to provide specific and de- 
tailed geologic information. Originally, the 
Gravity Method was thought of primarily 
as a means of determining salt dome config- 
urations. Now, stratigraphic and structural 
information can be obtained such as: the 
areal extent and configuration of sedimen- 
tary basins; the maximum thickness and 
variation in thickness of basin sediments; 
regional structures within the basins; local 
and regional fault systems, including horsts 
and grabens, within the section; and local 
and regional thrust faults. 


To obtain the best results, use the world’s 
most proved gravity instrumentation . . . 
There’s a WORDEN Meter 
for Every Land Application 


The MASTER and PROSPECTOR model 
WORDEN Gravity Meters provide the most 


WORDEN GRAVITY METERS = 


Take a NEW READING ON GRAVITY as an 
Effective, Economical Exploration Method 


demanding operating specifications ever 
achieved in portable meters. They retain the 
true portability and flexibility of the quartz 
element design plus the exclusive “Universal 
Compensation” feature which extends the 
temperature compensated range up to 6600 
mgls. (world coverage). The MASTER is 
distinguished from the PROSPECTOR by a 
low power Temperature Stabilizer, which 
maintains a nearly constant internal tem- 
perature in spite of extreme outside thermal 
shocks. Both meters are available in Stand- 
ard and Geodetic models. 


The PIONEER is ideally suited for gravity 
programs in areas of limited latitude and 
temperature variations and where the need 
for less frequent base ties exists. Also avail- 
able in Geodetic model. 


The EDUCATOR gravity meter is intended 
to meet the needs of educational or training 
programs where the required tolerances are 
much wider than for commercial programs. 


Specifications for the respective WORDEN Gravity 


Meters are shown at right . . . contact TI’s Gravity 
Department for additional information. 


a0 — 
( 
% 


Yyoming 


When requesting a quotation, copy the 
specification categories in this column 
and specify the values desired from 
those found under the respective 
meters. 


*Trademark 


the the 


Minimum Recommended Operatin 
Range—Specify to nearest 100 mgis. 
plus latitude and elevation indication 


3000 mgis. 3000 mgls. 


2400 mgls. 


Limited . . . Will be 
at least 1600 mgls. 


Minimum Total hang | Range (Reset) 
—Specify to nearest 100 mgls.* 


5200 mgis. 5200 mgls. 


4000 mgls. 


Limited . . . Will be 
at least 2000 mgls. 


Small Dial Range 


800 Dial Divisions x 
Small Dial Constant 
(2200 on Special Order) 


800 Dial Divisions x 
Small Dial Constant 


(2200 on Special Order) | Small Dial 


800 Dial Divisions x 


Constant 


800 Dial Divisions x 
Small Dial Constant 


Standard .08 to .11 | Standard 08 to .11 


Standard .08 to .11 


Small Dial Constant—Specify constant 0.10-1.00 mgl./ 
mg!./Dial Division (From | mgl./Dial Division (From | mgl./Dial Division (From 
desired 0.05-1.00 also available) | 0.05-1.00 also available) |0.05.1.00 also available) Dial Division 
en ee 1 part in 1000 1 part in 1000 1 part in 1000 1 part in 1000 


Small Dial Reading Accuracy 


0.1 of Small Dial 


0.1 of Small Dial 
Division Divisi 


ivision 


0.1 of Small Dial 
Division 


0.1 of Small Dial 
Division 


External Temperature Control 


Temp. Stabilizer re- 
quires 1.00 
power for a 100° F. 
differential. 
chargeable “D” 
Batteries maintain 90° 
F. differential for 10 
hours and are mounted 
in removable pack on 
side of meter. Any 4.5 
to 12 volt DC source 
may be substituted. 


Small Dial Mechanism 


Self counting, read from top and directly coupled 
(no gears for backlash) with screw which contacts 
quartz measuring spring. 


for backlash) 


with screw 
measuring 


Side and top reading, directly coupled (no gears 


which contacts quartz 
spring. 


Large Dial Range — Specify range 
desired* 


800 Dial Divisions x Large Dial Constant 


Geodetics not available 


Large Dial Constant 


Standard 6.5 to 12.0 mgls./D.D. 


Geodetics not available 


Large Dial Calibration over full range 
(8 turns) 


Curve furnished with values accurate to one part 
in 1000—measured over full range (8 turns). 


Geodetics not available 


Size, Inches: 
Diameter 
Height 


14” 14” 


5% 
10%’ 


Weight, Pounds: 
Net 


Including carrying case 


9% Ibs. 
18 Ibs. 


7% Ibs. 
15% Ibs. 


5% Ibs. 
12 Ibs. 


*Price of meter is determined mostly by the 
Ranges and Dial Constant Specified. 


WORDEN Gravity 
Meters Are Made 
Exclusively By 


Write for Bulletin No. GM-206 


TEXAS INSTRUMENTS 
INCORPORATED 


x GEOSCIENCES & INSTRUMENTATION DIVISION 
3609 BUFFALO SPEEDWAY * HOUSTON 6. TEXAS * CABLE: TEXINS 


| Werden Gravity Be 
the 
' 
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HORIZONTAL 


For information on the Petty Stacking technique write to 


GEOPHYSICAL 
ENGINEERING CGO. transit rower SAN ANTONIO CApito! 6.1393 


Petty’s patented* horizontal stacking technique 
verifies each subsurface point with multiple 
ray paths. Since only the reflection point is 
common to all, noise is greatly reduced and 
maximum record clarity is assured. 

*U. S. Patent No. 2,732,906 
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\ ‘ag 3609 BUFFALO SPEEOWAY * HOUSTON 6. TEXAS * CABLE: TEXINS 


With ste 
Quality Controlled 
Recording Supplies 


The | SIE | on every package /s your guarantee... 


Your guarantee of fresh-from-the-factory recording supplies shipped in a 
matter of minutes — backed by a specialized quality control team that has 
been serving you for over 15 years! 


Using SIE recording supplies, Every Shot Counts, because: 
© Tapes are de-magnetized and electronically checked. 
e Each tape individually packed and serialized. 
© Precision ruled recording charts are guaranteed accurate to thousandths. 


© Photographic paper and film are specially packaged to geophysical require- 
ments, and guaranteed fresh. 

© At $500 or more per shot, you can’t take chances to save pennies. You can 
afford only the best — SIE. 


Call SIE— and make Every Shot Count! 


Call Eddie Nix anytime, HOmestead 5-3471 Houston (days), MOhawk 4-3765 (nights) 
Overseas, cable SIECO, Houston. 


SOUTHWESTERN INDUSTRIAL ELECTRONICS CO. 


A DIVISION OF ORESSER INDUSTRIES, INC. 


: % 10201 Westheimer » P. 0. Box 22187 - Houston 27, Texas - HO mestead 5-3471 
= CABLE: SIECO HOUSTON TWX: HO-1185 


MEXICO CANADA EUROPE 

SIE Mexico Southwestern Industrial Electronics (Canada) Limited SIE Division of Dresser AG 

La Fragua No. 13-20) 5513 Third Street S. E., Calgary, Alberta, Canada Muhlebachstrasse 43, Zurich, Switzerland 
Mexico I, D.F. Phone: Chestnut 3-0152, 3-0937, 3-0964, 3-4922 Telephone: 32 64 87/89 * Telex: 52 6 83 


Phone: 21-57-87 Cables: Dresserzur Zurich 
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(Continued from page 38) 


“This margin of power increases the 
versatility of the E 4 in two ways,” said 
Richard L. Peck, chief test pilot for the 
aircraft builder. “First, it can do the 
heavy duty hauling and lifting the 12 
E’s noted for. But secondly, this extra 
power is a big margin of safety for ex- 
ecutive and other high priority passenger 
transport.” 

The E 4 is sold and serviced by aircraft 
dealers and distributors across the United 
States and will soon be operated on 
charter contracts by Hiller helicopter 
operators throughout the world. For in- 
formation on dealers or chartered heli- 
copter services, write Commercial Divi- 
sion, Hiller Aircraft Corp., Palo Alto, 
Calif. 


UHF FILTER 


The Special Products Department of 
Melpar, Inc., a subsidiary of Westing- 
house Air Brake Company, recently an- 
nounced the introduction of a new line 
of bandpass filters. These unique filters 
are expected to find wide acceptance 
throughout the Electronics Industry as a 
solution to troublesome filter problems at 
ultra high frequencies. 

Using conventional and printed circuit 
techniques, these filters are available in 
the frequency range from 200 to 1500 
megacycles. Occupying less than 13 cubic 
inches and weighing only 4 ounces, mullti- 
stage filters having either maximally flat 
or Tchebycheff response characteristics 
provide signal rejection up to 35 db at 
one bandwidth from the filter center fre- 
quency. Bandwidths range from less than 
5% to greater than 20%. Maximum pass- 
band insertion loss is held to less than 
1 db. These filters are designed to meet 
the environmental requirements of MIL- 
E-5400 and the vibration requirements of 
MIL-E-5422. 


WVTR RECEIVER 


Specific Products, 21051 Costanso St., 
Woodland Hills, Calif. Model WVTR is 
battery operated and requires only 314 
in. rack space. Instantaneous carrier fre- 
quency selectivity of 2.5, 5, 10, 15, 20 and 
25 Mc is crystal controlled. Double con- 


version, 1990 Ke first i-f crystal converter 
to 90 Ke second i-f. Sensitivity is 2 micro- 
Volt, selectivity is 10 Kc at 20 db down. 
Hi-lo impedance antenna inputs, “S” 
meter, and phone jack and speaker are 
provided. Battery or a-c power pack avail- 
able. Price is $725. 


15 MC OSCILLOSCOPE 


A highly versatile, 15 MC oscilloscope 
built to exacting military specifications is 
now available from Hewlett-Packard 
Company. 

The new oscilloscope, Model 160B, is a 
rugged, dependable instrument meeting 
requirements of MIL-E-16400B for shock, 
vibration, humidity and temperature. 
Premium components are used through- 
out the instrument, and its high stability 
tube-transistor circuits assure long life 
and reliability. 

Model 160B’s versatility is enhanced by 
a series of newly-designed time axis plug- 
in units. These include the Model 166C 
Display Scanner, which provides the 
scope with an X-Y recorder output. This 
output utilizes the full scope bandwidth 
capability and makes possible large, high 
resolution, permanent X-Y records of 
repetitive waveforms. The Model 166D 
Sweep Delay Generator, another time 
axis plug-in, provides the standard sweep 
delay functions and in addition has a 
unique mixed sweep function which al- 
lows observation of low speed and high 
speed phenomena on the same trace. 

New vertical amplifiers plug-ins in- 
clude the Model 162A Dual Trace Am- 
plifier (20 mv/cm sensitivity), permitting 
simultaneous viewing of two phenomena 
or differential amplification of signals dc 
to 14 MC. 

The Model 160B scope provides 24 
calibrated sweep times, 0.1 microsecond / 


(Continued on page 69) 


Please mention GeopHysics when answering advertisers 


: 
| 
BEE 
"=: 
| 
ee 
ay 
a 


*long and short term contracts 


C. N. PAGE A. E. SANDY" McKAY C. J. LOMAX 


Central Office 
Continental Life Bidg. 
Fort Worth, Texas 


Division Offices 


WEST TEXAS MID-CONTINENT ROCKY MTS... 
Midland, Texas Tulsa, Okla. Denver, Colorado 


MAMCo 


: a 


52 GEOPHYSICS, OCTOBER, 1960 


A. Message 
to the Industry 
on 
Sub-Miniature 
Geophones 


For some time the trend in seismic instrumentation has moved steadily 
toward the development of smaller, lighter, more portable equipment. 


Inaccessibility of terrain, higher labor costs and ever-increasing com- 
petition among seismic contractors have brought about a strenuous effort 
by instrument makers for new ways to decrease weight and price without 
loss of performance. 


In the geophone field, Hall-Sears has devoted intensive research to this 
problem. To this research and development program we have brought a 
background of experience extending back more than a quarter of a century, 
and a design group that has been outstandingly successful in originating 
some of the best known geophones now in use. 


The result of these efforts is the new HS-J sub-miniature geophone. 
I sincerely believe this instrument represents our finest achievement and 
brings to the seismic industry a definite breakthrough in field operations. 
It opens the way to new techniques and new economies never before possible 
with heavier equipment. 


The response to the announcement of this revolutionary new sub- 
miniature geophone has been tremendous. The obvious advantages of such 
a geophone have resulted in a flood of requests for detailed information and 
test units. 


We are indeed gratified at the interest shown in the new HS-J, which 
is now in full scale production, and take this means to clarify some of 


the questions most frequently asked. 
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What is the size of the HS-J? 
The HS-J basic unit is 1.1” high by 


.875 in diameter, and weighs 2 ounces. 


What are its specifications? 


The HS-J is available in frequencies from 
14 to 30 cps. (Other frequencies are available 
on order.) Standard impedance is 215 ohms. 


What about performance? 


The HS-J, in spite of its small size, has a 
usable output equal to that of larger single 
coil types with many times its weight. It is 
free from spurious resonances. 


Can a geophone of its small 
size be made rugged enough 
for severe field usage? 


The HS-J incorporates the same fine work- 
manship for which the HS-1 is famous. It 
is subjected to the most rigorous testing 
at 14 stages in the manufacturing opera- 
tion. Destruction tests consistently show a 
durability far in excess of that required 
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even in severe field practices with mechan- 
ical handling equipment. 


What about initial cost? 


Because the HS-J is remarkably low in 
cost, it has been mistakenly thought by 
some to be a low performance “competi- 
tion” model. This is not the case. The low 
cost of the HS-J has been achieved through 
modern quantity production techniques 
without sacrifice of performance or quality 
materials, 


How about overall economy? 


The development of the HS-J has made 
possible economy of field operations never 
before possible. Because of its light weight 
and lighter cabling, crew man-hours are 
materially reduced. Closer spacing is feasible. 
Mechanical handling equipment is practical. 

Exploration companies are finding it 
desirable to reappraise their field techniques. 
Their competitive position dictates the use 
of the HS-J on many contracts regardless 
of present equipment inventories, 


We believe that the HS-J fills a definite need in a considerable area 
of exploration work, and that its potential will continue to increase with 
experience. We invite you to subject this geophone to tests in your own 


laboratories and in the field. 


FIALI-SHARS, INC. 


2424 Branard 2 


WORLD WISE 


HALL-SEARS INTERNATIONAL 
2424 Branard, Houston, Texas 
Cable Address: HALSEA 
European Branch: 
Banstraat 2, The Hague, Holland 


Booths 24 and 25 e 


Telephone JAckson 6-2975 ° 
HOUSTON, TEXAS 


IN SEISMIC INSTRUMENTATION 


HALL-SEARS EUROPA, N.V. 
Banstroat 2, The Hague, Holland 
Cable Address: HALSEA 
HALL-SEARS FRANCE, S.A. 
82 Blvd. Haussman 
Paris VIII eme, France 
Cable Address: HALSEA 


We invite you to visit the Hall-Sears Display 


Cable Address: HALSEA 


SEISMIC INSTRUMENTS LIMITED 
Durham Road, Boreham Wood 
Herts, England 
Cable Address: SEISMIC 
HALL-SEARS ALBERTA, LTD. 
119 63rd Avenue, S.E. 
Calgary, Alberta, Canada 


National S.E.G. Meeting, Galveston, Texas, Nov. 7-10 
Please mention GEopHysics when answering advertisers 
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DO YOU HAVE THESE 
HEADACHES WITH 


SEISMIC RECORDS? 


ORIGINAL RECORDS DISCOLOR quicKLy? 


‘ adequate insurance impossible? 


foo Many records to 
and Store conveniently? 


By duplicating your field documents on a 16mm microfilm 
and exposing each record individually in its entirety, Industrial 
Photographers can: furnish you with a continuous profile record 
section that is uniform in size and color; eliminate 98% of the 
bulk of your seismograph records; supply a negative that lasts 
indefinitely and from which duplicates can be made for just a 
few cents a copy. When reproduced on 16mm microfilm, dupli- 
cate prints of the original can be enlarged to full or half scale, 
or to a Seismo Copy* record section. 


For immediate service or for descriptive details, write or call: 


INDUSTRIAL 


PHOTOGRAPHERS 


COMPA N Y Capitol 2-1973 


Reproduction Specialists for the Oil Industry 


All record reproduction under the supervision of an 
experienced geophysicist. 


See Our Exhibit in Booth 23 at the 
Galveston S.E.G. Meeting 


Please mention GropHysics when answering advertisers 
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| 


These are the wind swept mountains of 
coastal Alaska where everything works against 
the geophysicists’ summertime searches. Here, in 
the summer of 1959, one particular 20 man geo- 
physical party moved with exceptional speed and 
safety. Why?... because a new Hiller 12E, operated 
by Livingston Air Service of Corvallis, Oregon, moved 
and supported them. This new helicopter doubled 
the payload anyother light utility helicopter had ever 
been abje to carry on identical jobs. 


Specifically, the 12 E's typical payload was a two 
man survey team, all their equipment, and a 150 |b. 
drill, plus explosives. Multiply that by the entire 20 
man team and you see why the head geo/ogist and 
party chief called it...“the best helicopter buy in 
Alaska this summer." 


In the arctic or the tropics, timberline or shoreline, the 


12E’s performance will pay off on important jobs in 
your operations~ exploration, offshore taxi and sup- 
ply, pipeline construction and many more. 


The Hiller 12E is the most powerful helicopter in its 
class; its 305 usable horsepower actually matches 
the power of a// but the very largest bulldozer. Put 
this rugged, dependable helicopter in the surehands 
of a Hiller Charter Operator and you have a truly 
economica/ service. 


He invests in the best aircraft available so you 
can have the convenience and economy of charter- 
ing by the flight or by the contract. It's worth looking 
into. You'll know right away whether the 12E will 
make substantial savings in your operation. Write 
today for free literature, “New Workhorse for Petro- 
leum,” Commercial Division 


HILLER 


AIRCRAFT 
CORPORATION 


PALO ALTO, CALIFORNIA 
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MAGNETOMETER 
MAKES 9-MILE SURVEY 
IN ONE AFTERNOON 


Speed is typical of Varian’s M-49 
portable ground magnetometer. 
Unlike earlier magnetometers, this 
revolutionary proton-free-preces- 
sion instrument measures total 
field intensity. Hence it requires no 
leveling, critical orientation or 
calibration and reads directly in 
gammas with consistent and accu- 
rate repeatability. Freedom from 
leveling lessens operator fatigue 
and also provides versatility of use. 


This particular survey, done near 
Mount Diablo State Park in Cali- 
fornia, included 120 stations. The 
distance was covered by motor ve- 
hicle, but all readings were taken far 
enough away from the vehicle to 
eliminate possible error. The survey 
clearly indicated faults and subsur- 
face geologic features. 


The Varian M-49 weighs only 16 
pounds. Two miles of traverse per 
hour can be covered by a man on 
foot taking readings as often as 
every twenty paces. 


For full information, write the 
Varian Instrument Division 


VARIAN associates 
PALO ALTO 29, CALIFORNIA 


The Allison 201 Continuously 


Variable Filter 


HERE'S A NEW 
PASSIVE NETWORK 
FILTER IN THE 
SUB-AUDIO RANGE. 
The new Allison 201 Filter goes 
into the sub-audio range, yet retains 
the desirable characteristics of 
Allison Filters in the audio range. 
The low noise, low distortion and 
excellent transient handling capa- 
bilities of the 201 make it excel- 
lent for heart studies, geophysical 
work, low frequency vibrations, 
servo-systems and similar sub- 
audio frequency spectrum studies. 
ALLISON 201 SPECIFICATIONS 

@ Impedance — 600 ohms 
© Passive network 
e 30 db per octave attenuation rate 
© Independent high cutoff and 
low cutoff sections 
Low insertion loss 
Smooth pass band 
Negligible ringing 
Frequency coverage—1 to 
256 cps 
Shipping weight: 35 Ibs. 
Price: $695.00 FOB Factory 


Proved dependable 
in years of service 


Allison 
Laboratories, Inc. 


11301 OCEAN AVENUE 
LA HABRA, CALIFORNIA 
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From SIE comes the first triple-recording oscillograph requiring only one galvo block. 
Choose variable-density, variable-area, conventional wiggle or variable-density- 
igg »mbined. Simple lens-box change converts from variable-density to variable 

area. m Timing lines may be generated internally from either flasher tubes or standard 

timing motor. Consistency of paper drive is assured by a synchronous motor with built-in 

400 cps power supply. m Answer all your oscillograph recording needs with one 

instrument, the TRO-6. 


SOUTHWESTERN INDUSTRIAL ELECTRONICS 
10201 Westheimer / P. 0. Box 22187 / HO 5-3471 / Houston 27, Texas 


One galvo block...triple 


Decatrack* provides a 

practical, simplified method 

of compositing up to ten 
multichannel records on a single 
magnetic tape. Each field 
recording to be stacked is 
transcribed onto the Decatrack 
Recorder, and the resulting 


MULTICHANNEL tape can be reproduced on any 
STACKING/ Techno playback system without 


modification. No intermediate 

OMPOSITING drums or tapes are required. 

~- Decatrack assemblies can be 

furnished in kit form 

for customer installa- 

tion, or installed by 
Techno on customer equip-| 
ment. Write for complete | 
data and price information. ) 


COMPLETE LINE OF FREQUENCY 
ANALYSIS EQUIPMENT 


.. including a new transient 
storage system which produces 
automatically a Fourier series plot 
of a single pulse or wavelet 

.. now available through 

our associated company, 

Technical Products Co., Instru- 
ment Division. Write or call 
Techno for complete information 
and literature. 


* Patents pending 


TECHNO INSTRUMENT CO./6666 LEXINGTON AVENUE, LOS ANGELES 38, CALIF / HO. 2-7492/TWX LA 191 
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— PRECISION 


MARINE GEOPHYSICAL SERVICES CORP. 


2418. TANGLEY 
HOUSTON 5, TEXAS 
Phone — JA 6-4428 Cable — MARGEO 
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GAS EXPLODER 
AS 
: 
Petroleum Exploration Surveys,— GAS XPLODER AND 
The 


QUALITY 


SINCE 1941 ELECTRO-TECH HAS FURNISHED THE INDUSTRY OVER 
ONE-HALF MILLION SEISMIC DETECTORS. DURING THIS SAME 
PERIOD IMITATIONS OF THE EVS-2 HAVE BEEN COMPETITIVELY 
INTRODUCED WITH ADDITIONAL “FEATURES” WHICH DECREASE 
DETECTOR RELIABILITY. THE MOST RECENT FEATURE IS A TREND 
TOWARD CHEAP CONSTRUCTION IN A UNIT MARKETED AS A 
“THROW-AWAY” DETECTOR. DO NOT THROW AWAY CAUTION. 
EXPERIENCE HAS CONSISTENTLY DEMONSTRATED THAT THE 
EVS-2 IS YOUR BEST DETECTOR INVESTMENT. 


ELECTRO-TECHNICAL LABS 
Division of Mandrel Industries, Inc. 


P. O. Box 13243 Houston 19, Texas 
Cable Address: ELECTROTEX 


i 
.. 
(HIGH VOLTAGE DAMAC p 
ccepteo) 


PORTABLE 


Hi Fidelity 
Low Distortion 
Extended Range 


PMR-20 


PORTABLE FM 
MAGNETIC . 
RECORDING ‘SYSTEM 


Future methods demand Hi Fidelity Full Spectrum FM Magnetic Recordings ! 


With the recent miniaturization of FM modules, more 
Geophysicists now specify the full spectrum SIE FM 
Recording System “RecorData” — the only Jow power- 
drain all-purpose system for refraction, conventional and 
high-resolution seismic recording. 

In addition to the latest advancement in portability, the 
new “RecorData” (PMR-20) gives you: 


© System performance not dependent on tape quality. 
© No modulation noise. 

@ Wide frequency response (1 to 500 cps). 
© Negligible phase shift from 5 to 500 cps. 
© A complete recorder in two packages. 


Write for free brochure. 


SOUTHWESTERN INDUSTRIAL ELECTRONICS CO. 
3 | A DIVISION OF ORESSER INDUSTRIES, INC. 


y) 10201 Westheimer « P. 0. Box 22187 + Houston 27, Texas « HO mestead 5-347) 


TRANSISTORIZED 
MINIATURE MODULES 


CABLE: SIECO HOUSTON TWX: HO-1165 


MEXICO CANADA EUROPE 


SIE Mexico Southwestern Industrial Electronics (Canada) Limited SIE Division of Dresser AG 

La Fragua No. 13-20! 5513 Third Street S. E., Calgary, ‘\antan Muhlebachstrasse 43, Zurich, Switzerland 

Mexico |, D.F. Phone: Chestnut 3-0152, 3-0937, Telephone: 32 84 87/89 * Telex: 52 6 83 

Phone: 21-57-87 Cables: Dresserzur Zurich 
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FAILING MODEL 90 STRATMASTER 


A SUBSIDIARY OF WESTINGHOUSE AIR BRAKE COMPANY 
ENID, OKLAHOMA, U. S. A. 


BERT F. DUESING, INC. 


“Selling Atlas Explosives” 
AND 


Manufacturers of Blasting Agents 


Magazines and Plant Magazines 
BIG LAKE, TEXAS HASKELL, TEXAS 
phone phone 
Big Lake 500 UNion 4-2456 
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Phone: 21-57-87 Cables: Dresserzur <urich SERVICE CENTER 


H., 
Wilhelm-Busch-Str. 
Hannover, Ge 
Phon 70831 
Telex 09 22. 
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EXPLORATION BY GEOPHYSICS 


HANNOVER - HAARSTRASSE 5 - PHONE: 86661 - TELEX: 922847 - CABLE: PRAKLA 
GERMANY 
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WHEN 
iS A MUST 
World-Wide Gravity” 
Meters Are 


Exploration crews the world over are using 
more World-Wide Gravity Meters than ever 
before — for good reasons! Weighing only 
eight pounds, this economical, bwilt-to-take-it, 
portable meter operates anywhere in the 
world in all kinds of weather with maxi- 
mum accuracy. World-Wide'’s easy-to-read 
meter is thoroughly temperature compen- 
sated, requires no thermostats, no barometric 
temperature corrections. Sealed in a vacuum, 
the World-Wide Gravity Meter gives depend- 
able, trouble-free service in the most difficult 
prospect areas. 


Exclusive Features Of 
The World-Wide Gravity Meter: 

@ Easy reading counter, , , operator reads the 
meter without removing from the tripod. 

® Recessed level bubble, , , eliminates 
level bubble creep. 

@ World-wide range on al! meters, , , 
regardless of latitude. 

@ Approximately 100 milligal range on 
counter, ,, minimizes resetting instrument 
in rugged terrain. 


World-Wide Gravity Meters are available on purchase or rental/purchase plans. 
Each instrument carries a full-two-year warranty. Write or wire for complete details. 


3802 South Shepherd, Houston, Texas © Cable Address: GRAVIMETER HOUSTON 
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for direct correlation with subsurface conditions by 
preparation of Density Logs and Differential 
Residuals. 


CO., INC. 


JOHN L. BIBLE, President 


PHONE CApitol 2-6266 
1045 ESPERSON BUILDING 
HOUSTON 2, TEXAS 


gour plans Today / 
GALVESTON 


7-10 


30th Meeting 


RESEARCH GEOPHYSICIST 


Ph.D. level or equivalent with background in seismic techniques. Opportunity 
to make original contributions to active research program. Location, Tulsa. 


SINCLAIR RESEARCH LABORATORIES, INC. 
P.O. Box 3006, Tulsa, Oklahoma 


Visit Compagnie Générale De Geophysique ... . 


BOOTH 39 


Galveston November 7th to 10th 


30th Annual International Meeting S.E.G. 
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Western Conducts More 
Marine Seismic Surveys 
Than All Other 
Contractors Combined! 
Every year since 1954, Western Geophysical Company Additionally, 


Western’s land seismic parties 
and gravity crews 
are at work on four continents. 


boats have done well over half of ALL contract offshore 
seismic explorations in the world. 


This record reflects the considered judgment of many of 

the most respected people in the petroleum industry on the ; 
competence of Western men, techniques and instrumenta- YW, Sj 2 
tion. When you consider your next geophysical survey, Yq 


let us tell mor ut Western services that have 

il you more about the Western GEOPHYSICAL COMPANY 
earned and held such confidence. an 
Principal Office: 923 NORTH LA BREA AVENUE, LOS ANGELES 38, CALIFORNIA 


AFFILIATE AND REGIONAL OFFICES THROUGHOUT THE WORLD 
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(Continued from page 50) 


cm to 5 seconds/cm, with +3% accuracy. 
A sweep magnifier increases the fastest 
sweep to 0.02 microsecond/cm. Horizon- 
tal amplifier sensitivity is 0.1 v/cm to 10 
v/cm. Bandwidth dc to 1 MC. 

The new scope has simple, logically 
grouped controls and features an auto- 
matic beam-finder and improved preset 
triggering. The instrument is priced at 
$1,850 and its current availability is 13 
weeks. The Model 162A Dual Trace Am- 
plifier is priced at $350; current avail- 
ability 13 weeks. 

Hewlett-Packard Company, 1501 Page 
Mill Road, Palo Alto, California. 


GENERATOR 


The acceptance of the original “4B” 
Series Winco Engine Generators with 
MAXI-WATT Power Control has been 
so great that another size with this revolu- 
tionary improvement in generator design 
has been announced by Wincharger Cor- 
poration, Sioux City, lowa. This new 
series 31B143S2D-F with MAXI-WATT 
is rated at 2500 watts. 

According to Mr. R. F. Weinig, Vice 
President and General Manager, “the 
MAXI-WATT Power Control offers 
maximum power for heavy motor loads; 
maximum efficiency for highly economi- 
cal operation with other loads. The ‘3I’ 
Series Winco Engine Generators will 
carry a 2500 watt load on a single 115 
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volt or on a 230 volt circuit; or will 
power motors up to 1.5 HP or 2 HP; or 
will carry loads typical of many residen- 
tial and commercial standby uses.” 

In addition to MAXI-WATT Power 
Control, the new “3I” models also have 
Winco’s FULL POWER feature which 
makes the full rated generator output 
available from a SINGLE 115 volt out- 
let or a 230 volt outlet; and the AUTO- 
MATIC CONSERV-er, Winco’s proven 
Idling Control that saves up to 60% in 
fuel cost. These new engine generators 
with MAXI-WATT are. available in 
manual, electric, or remote start and with 
a choice of four convenient mountings. 
For full information write or call Win- 
charger Corporation, subsidiary of Zenith 
Radio Corporation, East 7th & Division 
Streets, Sioux City 2, Iowa. 


COMPANY MEMBERSHIP 


Is now available to any company or individual interested in promoting the objects of the SEG. 
MANUFACTURERS, SUPPLIERS and CONTRACTORS who do b 


now enjoy 


with Geophysicists may 


@ IDENTITY WITH THE PROFESSION 
@ SEG PUBLICATIONS AT MEMBER RATES 
@ NEWS OF THE PROFESSION 


FOR INFORMATION WRITE TO THE BUSINESS MANAGER 


SOCIETY OF EXPLORATION GEOPHYSICISTS 


Box 1536, Tulsa 1, Oklahoma 
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Experience the world over 


Wherever you need an aerial survey job... 


whether in the Middle East or the Middle West, cas sheagty 


Topographic contour maps 


in Seattle or Ceylon . . . Fairchild’s thirty- -three 
years of experience all over the world are Marine Sonoprobe® surveys 
your assurance that when it has to be done fast, Electronic positioning services 
and right the first time, you can #A trademark 
depend on Fairchild. 


IRGHILD 


LOS ANGELES, CALIF.: E. Eleventh NEW yous CITY, N. Y.: 10 Rockefeller Plaza © CHICAGO, ILL.: 

Daily News Plaza, 400 W. Madison St. ¢ BOSTON, MASS.: 255 Atiantic Ave. © BIRMINGHAM, ALA. : 22291 

DENVER, COLO.: 2620 = Ivy WASHINGTON, D.C.: 1625 | St., N.W. © ROME, ITALY: 
ja Nazionale 
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ENGINEERED SEISMIC SURVEYS 


6111 MAPLE AVENUE DALLAS TEXAS 
R. D. Arnett C.G. McBurney J. H. Pernell 
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BETTER 
SEISMOGRAPH 
SERVICE 


TEXAS SEISMOGRAPH CO.,INC. 


1502 EIGHTH WICHITA FALLS, TEXAS 


Sv SURE GRIP TAMPS 
SSseg DYNA-POINTS 
DYNA PUNCHES 


EXPLORATION PRODUCTS COMPANY 


500 W. Main St. -- Phone 6234 - Nite 2-5150 -- Box 445 -- Palestine, Texas 
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NOW-—FOUR_ 
~GEOPHYSICAL 
SERVICES 


The Robert H. Ray Companies are the first to offer four 
proven, subsurface, data-gathering methods. These services are 
available now — anywhere in the world. 

To provide you the finest in Gravity, Magnetic and Seismic 
services, including Geograph, the Robert H. Ray Companies 
employ teams of highly trained technicians, experienced field 
crews, and the finest precision instruments and equipment. 

More than twenty years of continuous operations in 
domestic and foreign areas give you the benefit of worldwide 
experience. Intensive research and development, 
eighteen years on Geograph alone, is 
your assurance of continual 
progress, new and progressive 
concepts in geophysical 
techniques. These ad- 


vantages are put to 


work for you with each 
Robert H. Ray Com- 


panies contract. 


Let us explain how 


the four services of the 
Robert H. Ray Companies 
can fit into your geophysical 


program. 


ROBERT H. RAY GEOPHYSICAL COM 


Please mention GeopHysics when answering advertisers 


ata For Geograph in Europe and the French Zone contact GEOGRAFRANCE, 48 Blvd. de Latour-Maubourg, Paris 7e. 


~~ What lies behind a Rogers seismic record? 
Solid training. Years of world-wide 
~ experience. The best data-gathering and 
analyzing techniques that can be devised. 
te Rogers puts more into its records. 
: You get more out of them. 
For reliable results . . . call Rogers. 


Geophysical Companies 
nese west ALABAMA «+ HOUSTON, TEXAS 


Edificio Republica * Caracas, Venezuela 
Somalia 


4 * Paris, France 
| 1-3 Arlington St., St. James's * London S.W. 1, England 


ROGERS’ CREWS GO EVERYWHERE 


GEOPHYSICAL INSTRUMENTS DESIGNED AND 
MANUFACTURED BY FORTUNE ELECTRONICS 


Better 
Performance, 
Longer. 


Cost you less! 


For complete details or for an office 
demonstration, write or call: 


APPEL—H. H. HAPPEL, JI 


Fortune Electronics 


ap ve : 


IF YOUR EXPLORATION 
BUDGET IS LIMITED, 
READ THIS 


The use of the gravity meter as 
a means to get the most from a seis- 
mic program has been recognized 
for many years. Nevertheless, when 
exploration budgets are large, there 
is a tendency to put on more and 
more seismic crews, rather than go 
through the reconnaissance phase 
of selecting the most favorable 
places for them to work. But when 
the dollars are limited, too few seis- 
mic crews not favorably placed 
may be adding to the exploration 


manager's problems. 


If you do not have as many seis- 
mic crews as you would like to have, 


a small percentage of the budget 
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invested in gravity work, to guide 
the activities of your few precious 
crews, could make the difference 


between success and failure. 


Gravity meter surveys are inex- 
pensive compared with seismic. 
Their cost runs in the vicinity of 3 
cents an acre. The use of this tool 
to guide further exploration that 
may cost 30 or more times as much 
is indicated by the economics 


alone. 


Through the years we have em- 
phasized this use of gravity work 
and we will be pleased to discuss 
its application to your exploration 


program. 


THOMAS J. BEVAN 


910 South Boston 


Tulsa 19, Oklahoma 


Please mention GropHysics when answering advertisers 
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useful 


Data recorded as curves can often be made more 


if it is converted to digital form. This is espec- 


ially true where the data is to be used with electronic 
computers. 

Seismograph Service Corporation now provides a 
complete data conversion service, at a cost far below 
manual conversion methods. This service includes 
specialists who can work with you on amy data handl- 


ing problem of this type. 


Data to be converted must be in rectangular coordinate 
form. The input curves are tracked by a curve follower 
to convert the information into electrical impulses. The 
final output, coded punched tape, can be fed directly into 
an electronic computer or translated to punched cards, or 
listed in tabular form. A 10-inch original curve width will 
convert to as many as 1000 data samples on the punched 
to any one of the many scales available. 


Some examples of how this data conversion is used 
in geophysics: Digitized data from velocity logs are 
the basic raw materials used for constructing syn- 
thetic seismograms, which include multiples. Seismic 


record 


traces can be digitized for frequency analysis, 


auto-correlation, etc. 


This 


service is available NOW. Cell or write 


SSC today and find out how data conversion can 
be effectively applied to your needs. 
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SEE YOU GALVES 


Be sure to visit us in Booth No. 1 
Society of Exploration Geophysicists 
30th ANNUAL INTERNATIONAL MEETING 
November 7-10, 1960 


By request... 
Repeat performance of static electricity demonstration showing how 
static resistant features are built into modern electric blasting caps. 


Atlas suite: Galvez Hotel & Villa 


We are looking forward to seeing you... 


ATLAS POWDER COMPANY 
Explosives Division, Wilmington 99, Del. 


Please mention GeopHysics when answering advertisers 
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